TotalView by Perforce © Perforce Software, Inc.



LBL/NERSC Agenda

Introduction (Bill)

Overview of TotalView Labs (Bill/Dean)

TotalView Features (Bill)

TotalView’s New Ul (Dean)

Remote Debugging — Remote Display Client (Dean)

Remote Debugging — Remote Ul with Reverse Connect
Feature (Bill)

Startup (Dean)

Ul Navigation and Process Control (Dean)
Action Points (Dean)

Examining and Editing Data (Dean)

Advanced C++ and Data Debugging (Dean)

Q&A

Break

Python Debugging (Dean)
Replay Engine (Dean)
OpenMP debugging (Bill)
MPI Debugging (Bill)
MemoryScape (Dean or Bill)
CUDA debugging (Bill)
TotalView Roadmap (Bill)
Common TotalView usage hints
Q&A

TotalView Labs Help
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Perforce Global Footprint

e (Customers in 80 countries.
London, UK (4)

Tallinn, EE
Minneapolis, MN ° i Uap;;r;ZIa SE
Ottawa, ON
£ Boston, MA 1'7 Germany (3)

e ~9,000 customers worldwide.
e More than 250 of the Fortune 500.

© (i i Courbevoie, FR
Alameda, CAlT ® - Cincinnati, OH , - & o op
- i isvi Rosh Haayin, IL OKyo,
e Customers deploying multiple Louisville, CO — y
prOd UCtS @— Bangalore, IN (2)

PERFORCE OFFICE

e 25+ offices and 4 data
centers which give us global reach.

PERFECTO OFFICE
ROGUE WAVE OFFICE North Sydney, AU —@

BOTH

 Over 900 employees in 25 countries.
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Perforce Product Portfolio

>N & = a5

Agile Code Management Application Mgmt. Automated
Management & Collaboration & Components Testing
I Helix ALM I I Helix Core I I Akana I I Helix QAC I
I Hansoft I I Helix4Git I I Perfecto I
I Gliffy I I Zend I I Klocwork I
I TotalView I I Visualization I
I SourcePro I
I IMSL I
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Overview of TotalView Labs

Nine different labs and accompanying example programs Notes

* Lab 1 - Debugger Basics: Startup, Basic Process Control, « Labs 5 and 6 require use of TotalView’s Classic Ul

and Navigation

o . _ N * Sample program breakpoint files were created with
e Lab 2 - Viewing, Examining, Watching, and Editing Data _ . o
GNU compilers. If a different compiler is used, they

e Lab 3 - Examining and Controlling a Parallel Application may not load and will need to be recreated.

* Lab 4 - Exploring H M [ MPI Applicati .
a xploring Heap lviemory in an pplication * Several example programs use OpenMPI so you will

* Lab 5 - Debugging Memory Comparisons and Heap need to configure your environment beforehand.

Baseline *
* We do not have a lab specific to Python Debugging

* Lab 6 - Memory Corruption discovery using Red Zones * : . :
Y P y : yet. There are good examples and instructions in the

* Lab 7 - Batch Mode Debugging with TVScript TotalView totalview.2020.3.11/<linux-x86-
* Lab 8 - Reverse Debugging with ReplayEngine 64>/examples/PythonExamples directory.

e Lab 9 - Asynchronous Control Lab
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What is TotalView used for?

* Provides interactive Dynamic Analysis capabilities to help:

Understand complex code
Improve code quality
Collaborate with team members to resolve issues faster

Shorten development time

* Finds problems and bugs in applications including:

* Contains batch and Continuous Integration capabilities to:

Program crash or incorrect behavior

Data issues

Application memory leaks and errors

Communication problems between processes and threads

CUDA application analysis and debugging

Debug applications in an automated run/test environment

totalview.io
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TotalView Features

* Comprehensive C, C++ and Fortran multi-process/thread dynamic analysis and
debugging

* Thread specific breakpoints with individual thread control

* View thread specific stack and data

File Edit Group Process Thread ActionPoints Bookmarks Debug Window Help

CEERD ©
° MPl and OpenMP H PC debugging Processes & Threads % ‘ Lookup File or Function % | Documents % L Start Page % ‘ main.cpp % ‘_pou,nocanoe\ x ‘wor-,er:pa x \ e

* View complex data types easily

=1 5 hech e at
@ @ O ‘ =] = 66 mutex. lock(); A
) Description #P  #T ¥ Members o :z‘:é::ﬁ:;;(;‘?“’“ __poll_nocancel
* CUDA debugging ot 11w * oy ¢ @ o
M Stopped 1 1 pL 7 goebug()<<"Abor tir er pro Thread "<<thread()->currentThreadzd();
break; g_main_context_iteration
) pihread_cond_wait 1 1 pLL }
° I nteg rate d Reve rse d e b u ggl n g » . . o1 ‘ ‘ . ..pracessEventsEBQFlagsIN10QEventl oopl 7ProcessEventsFlagEE
ool nocance . . sz m QEVEQ;t:;p:l‘:op:m Y _ZN10QEventLoop QFlagsINS_1 tsFlagEE
. . 78 qpebug()<<"D 0 " << delay; el
° M ix d L n _ P th n C/C++ d b in 12 1 1 pL2 79 QTimer::singleshot(1000 * delay, &loop, SLOT(quit()));
e a guage y 0 e Ugg g 05 i q p13 80 loop.exec(); Worker:qt_static_metacall
o 8 2 24 83 emit valuechanged(Qatring: snumber (1)); LA e Ei B e U e
b M emo ry I ea k d etection 4 — 2 (s b ! _ZN7QThread7startedENS_14QPrivateSignalE
K eaning ] .
16 1 1 pLE o nutex. 10k () ! _ZN14QThreadPrivateSstartEPy
07 n a oty 88 _working = false;
H 89 mutex.unlock(); tart_thread
* Batch/unattended debugging - L e —
01 qpebug( )<<"Worker pro Finishe "<thread()->currentThreadId(); &
19 1 1 pLO
r :
- 94 emit Finished();
* Linux, macOS and UNIX s 1
DataView * | CommandLine % | Logger %
|

* More than just a tool to find bugs & o0 |

[ Name: Type Thread ID | Value

«  Understand complex code :_I} T T T |
Action Points % ‘ Replay Bookmarks ‘ Arguments

* Improve developer efficiency [ I N

this. Worker * const  0x00a0d400 -> (Wo.

Block at Line 66

I
e Collaborate with team members H

abort bool false (0)
Ioop QEventLoop (Opaque QEventLo...

* Improve code quality

Process: QtThreadExample (1) Thread: 1.6 - Stopped Frame: Worker::doWark File: Mome/stewart/Projects/QtThreadExampleworker.cpp Line: 80

* Shorten development time
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TotalView’s New Ul

ReplayEngine_demo - o x
File Edit Yiew Group Process Thread Action Point Debug Tools Window Help
. . Group (Control) 7 [> i' i’ 5 <3 Q @ ‘ “ % 3 ) %g LED‘)
* Provides a modern, dockable interface Go_Halt Kill Rostart Next Step Out R To|Record GoBack Prev Ustep Caller BaokTo Live Save
’ Process 1 (80032): ReplayEngine_demo (At Breakpoint 1) [R]
Thread 1 (60032) (At Breakpoint 1)
Stack Trace Stack Frame
. mi“l; Fgf;\;ﬁgli.gg;ggog 3 |[Function "main"s A
® Ea sier tO use 1} bette r wo rkﬂ ows TStare, FPL7FF 18073028 | |||Resisters for the frane: J
Zrax: 0x0040070d (4196103)
Zrdxs Ox7FFd18079bF8 (140725006605304)
Zrex: 0x00000080 (96)
1 §rb{(E giggggggggﬁggg (140725006605288)
* An architecture to grow frsis parvdrses
7 bl 4t re e vl e e sy /
Function main in ReplayEngine_demo,cxx | ﬂr
ﬁ Hr\c}uge Eioﬁtregmi> A1
° T . #include <{pthread.,
o u Se * ig int funcA(int)s
17 int funcB(int):
18 int badstuff():
20 int. arvaslenakARATEPTH;
* Set Ul preference g e
23 int main()
Fle Edl Gow Process Twvead AcionPonts ookmarks Debug Window Help
* Or command line argument ©
et — e T ot s = |
. . e o |[E = v
totalview —newUI or totalview -0ldUI ]
ngine_demo 1 1 1
L. ® |-
- R __to_start_main
11 1 1 pL1 =

* New Ul gaps:

* Missing array viewer, data visualization

* Memory debugging not integrated .

* No high-scale MPI support

[ Name Type Thread ID_ Value
Add New Expression]
A——- Name Type Value
Action Points % | Replay Bookmarks % v Arguments
v Tye | stp Location Line N = 000000000 (©)

9 | : Process | ._demooodzs | .00 (ine 2
R - ¢ Block at Line 35

b int 0400000000 (0)

13 | TotalView by Perforce © Perforce Software, Inc. totalview.io




TotalView’s Dark Theme — 2019.1

tx_basic_data - Process 1, Thread 1.1 (Stopped) - TotalView for HPC 2019) (on iwashi.totalviewtech.com)

File Edit oup Pr Thread Action Points okmarks Debug Win

Group (Control) = £ = ReplayEngine

Processes & Threads tx_basic_data.cxx Call Stack

main

Description
W ix_basic_dat

_b L0 __libc_start_main
v Stop start

¥ main

il

VAR (/]
Name
dynstrings (char**) malloc (16 * sizeof (c :
¥ Arguments
argc int
argv $string ** 0x 7fffffffe 1f8 -> Ox7fffff
int

nullPtr int*

o

Action Points Data View

1D ype Stop Location
1 Process tx_basic_data.cxx#63 tx_basic_data.cxx (line 63) Name Type Thread ID

[Add New Expr

(]

Process: tx_basic_data (1) | Thread: 1.1 - Stopped File: ...totalview/debugger/srcitests/src/tx_basic_data.cxx | Line: 64
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Remote Debugging Sessions

* Debugging on a remote HPC cluster can be a challenge
* Setting up the secure remote connection
* Launching/connecting to the target application

* Interactive debugging Ul

* TotalView Remote Debugging Options
* TotalView Remote Display Client
e Conveniently setup a remote VNC connection

* TotalView Reverse Connect

* Disconnect launching the core debugger within the cluster
from the Ul on a front-end node

* TotalView Remote Ul

* Run the TotalView Ul on a remote client and connect to the

remote TotalView debugger
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TotalView Remote Display Client (RDC)

» Offers users the ability to easily set up and operate a TotalView debug session that is running on another system
* Consists of three components
* Client —runs on local machine
* Server —runs on any system supported by TotalView and “invisibly” manages the secure connection between host and client
e Viewer —window that appears on the client system
* Remote Display Client is available for:
* Linux x86, x86-64
* Windows

* Mac OSX
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TotalView Remote Display Client

Free to install on as many clients as needed

No license required to run the client

Presents a local window that displays TotalView or MemoryScape running on the remote machine

Requires SSH and X Windows on Server
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TotalView Remote Display Client

* User must provide information necessary to connect to remote host
e Passwords are NOT stored

* Information required includes:
* User name, public key file, other ssh information
* Directory where TotalView/MemoryScape is located
* Path and name of executable to be debugged
* |f using indirect connection with host jump, each host
* Host name
* Access type (User name, public key, other ssh information)

e Access value

* Client also allows for batch submission via PBS Pro or LoadLeveler
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TotalView Remote Display Client

X\ TotalView Remote Display Client
File Help

<--TotalView

by Perforce

~Session Profiles:

1. Enter the Remote Host to run your debug session:

H X £ & Remote Host:[ntk-vnc1 totalviewtech.com ] (~] User Name]:[bburns ]Advanoed Options

ntk-vnc1 totalviewtech.co
2. As needed, enter hosts in access order to reach the Remote Host:

Host | Access By | Access Value Commands
u o
1 ‘ = User Name }

; ‘ v User Name ‘

3. Enter settings for the debug session on the Remote Host :

TotalView | MemoryScape

Path to TotalView on Remote Host: [/home/’tv/exponﬂotalview.zoao.1 13foolworks/otalview.2020.1.13/binftotalview

DI D

]

Arguments for TotalView: | ]

Your Executable (path & name): [ ]
]

]

Arguments for Your Executable: |

Submit Job to Batch Queueing System: | Not Applicable -

[ Launch Debug Session

< | W)

No session running Y

totalview.io
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Session Profile Management

Connection information can be saved as a profile, including all host jumping information

Multiple profiles can be generated

Profiles can be exported and shared

Generated profiles can be imported for use by other users
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RDC Demo

* Remote Display Client demo (Linux)
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TotalView Remote Ul (TotalView 2020.3)

* Combine the convenience of establishing a remote connection to a cluster and the ability to run the TotalView GUI
locally.

* Front-end GUI architecture does not need to match back-end target architecture (macOS front-end -> Linux back-end)
* Secure communications
e Convenient saved sessions

* Supports reverse connections
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Remote Ul Architecture

Remote System Front-end Node Batch Node
tvdsvr
- , $
e TotalView Ul
® Debugger srun
TotalView Ul “Client”

Compute Nodes
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TotalView Reverse Connections

* The organization of modern HPC systems often makes it difficult to deploy tools such as TotalView
* The compute nodes in a cluster may not have access to any X libraries or X forwarding
* Launching a GUI on a compute node may not be possible

* Using the Reverse Connect feature you can start the TotalView Ul on a front end node and when a job is run in the
cluster it connects back to the waiting Ul
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Reverse Connect

* Useful in batch environments, where
* X11 libraries or X forwarding are not available

* You typically use batch scripts

* TotalView’s reverse connect feature
* Disconnects starting debugger Ul from backend job launch

* Starts a TotalView server on the batch node
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Batch Script Submission with Reverse Connect

e Start a debugging session using TotalView Reverse Connect.
* Reverse Connect enables the debugger to be submitted to a cluster and connected to the GUI once run.

* Enables running TotalView Ul on the front-end node and remotely
debug jobs executing on the compute nodes.

* Very easy to utilize, simply prefix job launch or application start

with “tvconnect” command.

QGuestion

0 The Soiming severse CONMECHOn teguest was found
v .

(1) ocalhont lcakdomain piesn owescibe o 4 mei_permes,_sort 1000

#!/bin/bash
#SBATCH -J hybrid_fib

100 you want 12 accege?

®w[@w

Question

@ The following reverse connection request was found.

(1) localhost.localdomain mpirun -oversubscribe -np 4 mpi_primes_sort 1000

#SBATCH -n 2
#SBATCH -c 4
#SBATCH --mem-per-cpu=4000

P_ NUM_THREADS=4
< tvconnect srun -n 2 --cpus-per-task=4 --mpi=pmix ./hybrid_fib

Do you want to accept?

@[ @
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Reverse Connection Flow

FRONT-END NODE BATCH NODE
tvconnect 5. exec
o®“e
e g®
@ .
_ 6. socket connection opened tvdsvr
TotalView Ul

srun
2. TotalView Ul reads 1. tvconnect writes
request request
3. TotalView returns \__/ 4. tvconnect reads
response \ )) response Rank 0

COMPUTE NODES
SHOME/ .totalview/connect

totalview.io
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Reverse Connection Flow

FRONT-END NODE BATCH NODE
tvconnect 5. exec
o®“e
e g®
@ .
_ 6. socket connection opened tvdsvr
TotalView Ul

srun
2. TotalView Ul reads

request

1. tvconnect writes
request

3. TotalView returns \__/ 4. tvconnect reads
response \—/ response Rank O

COMPUTE NODES

SHOME/ .totalview/connect
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Reverse Connection Flow

FRONT-END NODE BATCH NODE
tvconnect 5. exec
o®“e
e g®
@ .
_ 6. socket connection opened tvdsvr
TotalView Ul

srun
1. tvconnect writes

request

2. TotalView Ul reads
request

3. TotalView returns \__/ 4. tvconnect reads
response \—/ response Rank O

COMPUTE NODES

SHOME/ .totalview/connect
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Reverse Connection Flow

FRONT-END NODE BATCH NODE
tvconnect 5. exec
o®“e
e g®
@ .
_ 6. socket connection opened tvdsvr
TotalView Ul

srun
1. tvconnect writes

request

2. TotalView Ul reads
request

3. TotalView returns \__/ 4. tvconnect reads
response \__/ response Rank O

COMPUTE NODES

SHOME/ .totalview/connect
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Reverse Connection Flow

FRONT-END NODE BATCH NODE
tvconnect ‘ 5. exec ‘
o®“e
e g®
@ .
_ 6. socket connection opened tvdsvr
TotalView Ul

srun
1. tvconnect writes

request

2. TotalView Ul reads
request

3. TotalView returns \__/ 4. tvconnect reads
response \__/ response Rank O

COMPUTE NODES

SHOME/ .totalview/connect
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Reverse Connection Flow

FRONT-END NODE BATCH NODE
tvconnect 5. exec
o®“e
e g®
@ .
_ 6. socket connection opened tvdsvr
TotalView Ul

srun
1. tvconnect writes

request

2. TotalView Ul reads
request

3. TotalView returns \__/ 4. tvconnect reads
response \__/ response Rank O

COMPUTE NODES

SHOME/ .totalview/connect
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Remote Ul with Reverse Connect Demo

e TotalView Remote Ul and Reverse Connect

34 | TotalView by Perforce © Perforce Software, Inc.






Start Page

o
Start Page *®

What do you want to do today? Recent Sessions View Al
A test g
- - oor— | /
[ses &) ﬂt-lu_ L £
Debug a Program Debug a Parallel é demoMpi_v2 Ve

Program

i

ReplayEngine_demo

2 “

- ReplayEngine_demo

Attach To Process Load Core or
Replay Recording File - 1 SEp Ly, 200

o Listen For Reverse Connections HE'D/SU pport
Support
Wh at's NeW Find how to contact us at our Support Center.
https:/ftotalviewio/support J

New in TotalView 2020.2 August 2020

CUDA 11 Support
The TotalView 2020.2 release adds support for CUDA 11. This enables debugging support on NVIDIA's

latact M1IAA 11 hacad annlicatinne
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Debugging a New Program

TotalView by Perforce © Perforce Software, Inc.

Session Editor

M program Session

Session Details

Program Details

Session Name

combined -

Debug Options

Reverse Debugging
Enable reverse debugging with ReplayEngine

Python Debugging

Enable call stack filtering for Python

Standard Input Redirection

File Name

| Ihome/stewart/Projects/DemoDVD/programs/combined - EROWSE...

Arguments

[Enter any program arguments. Ex. -option foo |

Program Environment

Redirect standard input from file

[Enter input file path and name ] BROWSE...

Environment variables for the program

[Enter line-separated NAME=VALUE pairs]

Standard Output/Error Redirection ~

RESET LOAD SESSION CANCEL

totalview.io



Debugging a Parallel Program

Session Editor X
&2 Parallel Session
[ —]
Session Details Program Details
Session Name File Name
= A | fhome/stewart/Projects/DemaDVD/programs/demoeMpi_v2 -
Arguments
Parallel Details [Enter any program arguments. Ex. -option foo |
Parallel System
|Ope.n MPI -
Debug Options
Tasks (-np):
16 Reverse Debugging
Additional Starter Arguments | Enable reverse debugging with ReplayEngine
[Enter starter arguments as needed | Python Debquing
) || Enable call stack filtering for Python
Program Environment

Standard Input Redirection ~ ) ]
Environment variables for the program

[Enter line-separated NAME=VALUE pairs]

RESET LOAD SESSION CANCEL

Standard Output/Error Redirection ~
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Attach to a Running Program

# Attach to Running Programis)
Session Name
Processes
Mot =} b |
Pasgram | Gime (a]+] PRI Hast Pt
¥  gnome-leimina 5 1914 LItd 1002 85 funiBir
redE-Ey - NEpe 5 1921 15k4 1002 45
¥ bash 5 1927 1514 100215 iy
¥ WCIHERED 5 F1ZH 1533 16,015 fusrten o ood edynamibcs HI15E L0, S ks l
P Program
FID: File Hama n
- Browse
Debug Options =
Buverse Dabugyging
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Open a Core File or Replay Recording Session

é Core or Replay Recording Session
Session Detalls

Sussionm Nama

™ ST -
r Replay Recording |
Core or Replay Becording File Mams m
) meT talfewSesnirore tr rreale © TIEE LT filr - Lr T
Priy [ Detalls
ri ware =3
TR T ] (LI T T PP ricdE rore s = e s

Cneser | iowosesvon | cance

totalview.io
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Starting a Previous Debugging Session

Recent Sessions

s Tost Cere Sample

BB core] e

1 3

Tped [oae Fa

13

Altach Teml 7
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TotalView’s Default Views

Processes &

File Edit Group Process Thread Action Points Debug Window Help

Threads View

i Group (Control)

Lookup File or

Processes & Threads % ‘ Lookup File or Function * | Documents % Start Page % | combined.cxx %

Call Stack

F u n Ct i O n Nonexistent 1 1 pl

Documents

Source View

Call Stack View

Local Variables
View

Y

No current thread

Local Variables %

Action Points % | Replay Bookmarks

@ @ @ l - = ir <iostream>
— ir <pthread.h>
Description #P #T ¥ Members
o std;
ARRAYSIZE = 20;
bb;
* str;
cc;
do_parallel = 1;
main( argc, **argv)
27 {
29 str= ( *) malloc(100);
30 strepy( str, "Hello world" );
33 arrays();
34 diveinall();
35 printf( " ', ostro);
37 arr_longs[7] = {1,2,2,4,5,16,32};
39 pthreads_loop();
42 derived class();
43 s
a4 u ;
45 trap_exception();
47 exit(1);
1
Data View * | Command Line % | Logger % | Input/Output

tvpda_agentlib: tvdwp=transport=dt_socket server=n,address=localhost:44051 password={2f568196-8a4c-49f5-96e8-0ac70455(7ff}

v Type Stop Location Line

un|

Data VieW, 4 1 IEIZTE  Process | ../combined.cxx#66
Command Line,

...ed.cxx (line 66) | .
2 [EIDTH Process | ../combined.cxxi#l54 ...d.cxx (line 154) | .

3 [IEIDTE Process | ../combined.cxxi#l69 _.doxx (line 169) | .

No current thread

Logger,
Input/Output

Action Points,
Replay Bookmarks

TotalView by Perforce © Perforce Software, Inc.

Standard Input:

Source Line: 19

Process: 1 (0) combined
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Process and Threads View

T @@ | =E

=

Meacrpion e T | el
Ll T ] 4 4 pl-4
¥ [l Wawd 1 ] gl
T CLERTRT BRIESS 1 1 plLi
Comirol Giroug
v i1 1 1 pl1
o Shewe Gopap
B Rurning 1 1 pl.l
o Fiii=d Sl
v ione 1 ) pl23a I
o' | Furisin
oL ! t P2 o Thrwsd 1D
W Sawped 1 I A3 o Theeed Sinis
w 13 1 L pL3 FC
— = I T e
w [ Bessipain 3 1 e ]
L1 - ] 3 pal p2d pd 2
w AX 1 L |""l-.
B A= s 1 1 -]
* Al 1 L pil
Bl B e i i pai
v 47 1 ] Pz
[ TS 1 1 L E
L X B L opedd, p32 g al
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Source View

TotalView by Perforce © Perforce Software, Inc.

S PageE ™ | o r s M
(i B3 | TR |
1
LGS tfi el . BT
LO8E exif 1}z
I
L= thread prtida|fcfal theeedss+] = new ELd;
ey primtd v FRQETELOL ) 6. 4 ireEw TAON
1ol forker {fork count
1o | ]
BALR AFg, tEmrgv |
igd |
110l fork cowumg =
L1 AFjs DE =
1110 arg counk =
o L |
pEhresd sulesstir L makir:
i114 10l (SIGHFE, 219 Fpe Bamdier)
1115 pigraal (HIGHUP, | 51 i el bap Farsdl=r);
Linuz
aigraal SJiARERL. | [t T | | i%2g wsrl hardlsr
vigras’l ASIGIRED, | [#®3] imig usrZ rearsil=r
i |_||||| 1

totalview.io




Call Stack View and Local Variables Panel

Call Stack *

Y

C++ funcA

main
__libc_start_main

_start

Function funcA

Source -..ewart/Projects/DemoDVD/sre/ReplayEngine_demo.cxx
Line 35

FP Ox7ffe94b13d00

Local Variables

Name Type Value

Arguments
a int 0x00000000 (0)

W Block at Line 35

b int 0x00000000 (0)
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Action Points and Replay Engine Bookmarks

Action Points ® | Replay Bookmarks \

- Iov | Type | Stop Location Line

v 1 CICTU Process | ... demo.cxod2s | .o.oxx (line 25

o 2z | IKIEN Group | ...058 (amraylength)

Action Points ¥ | Replay Boockmarks

I  PC | File | Line | Comment

1 Ox 4007bb badstuff 61 ermor_loc




Data View, Command Line and Logger

Data View * | Command Line ‘ Logger * ||
Name Type Thread ID | Valus

a int 11 000000000 (0)

[Add New Expression]

Data View ¥ | Command Line * | Logger

Linux x86_64 TotalView 2019.3.14

Thread 1.1 has appeared
Created process 1 (4343), named "ReplayEngine_demo"
Thread 1.1 hit breakpoint 1 at line 25 in "main"
Thread 1.1 received a signal (Segmentation violation)
Process 1 has exited

Data View * | Command Line * | Logger
Created process 1 (4344| Indexing 23540 bytes of DWARF ".eh_frame' symbols from "lib64/libm.so.6"...
Thread 1.1 has appeared| done

Thread 1.1 hit breakpoil

Library Nlib64dibgce_s.s0.1, with 2 asects, was linked at 0xD0000000
, and initially loaded at 0xff0D0000903f7700

Mapping 2214 bytes of ELF string data from 'lib64/libgce_s.s0.1'...
done

Indexing 6732 bytes of DWARF ".eh_frame' symbols from "flib64/libgec_s.s0.1'...
done

WARMNING: (instance 1) Setting a breakpoint at an absolute mode address! This is not usually correct.

stemp_bp_t: enable tmp: Operation Failed

totalview.io
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Lookup File or Function

Fiwri Fage W ewpre ® e E manlegmes

nade_E "term ()
1

181 nede [ "nEde = FacLor |):
1 E while [restcher == """ || negchar == "7°) {
193 el CLiSS U redide ClasE = (e ClasE [} mealobar |
a6 nod e rerel_rizda [rede_clazs, nede, Tackor [ )];
I
108 seturn (nede
i8¥ | ]

Coll Siack W e W

File or Funchm Maima:
Y
Maichissy Hema: Found 7 manching resuls

[ i T d

e s

SR PR }

NEE_ L “SRpreEssian i

aid nede_ "nede T ocErm [
118 wWRL1E |eERTERET == "+ || #&dlIhdir == "-." ) q
118 node_clenn o reode_claps = [nede_clams €}

alE = resw e [ modE_cla%s. nede. TEE |

FETLErT LM

rendchar [

nade_E "roadespr i
I

127 e [ el =

13 readchar )

128 [MENrohsr 1= BoE) f

138 while [rxtchar == "%n°|

141 8 o b i

133 male & expreddloa [|;

14% neRcehar iz "wn' GE sEagchar i= i nextchar

L=t

Lo -t LS

e

A L
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Preferences
Display Settings

= ==rv Display Settings

sgames  CUstomize user interface display settings.
PATH

User Imertace Soyle

é PAIALLIL

ﬂ{ TOOL BAR vl kw

totalview.io
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TotalView Toolbar

Go

Halt
Kill

Restart

Next

Step

Out

Run To
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Sets the thread to running until it reaches a stopping point. Often this will be a breakpoint that
you have set, but the thread could stop for other reasons.

Stops the thread at its current execution point.

Stops program execution. Existing breakpoints and other settings remain in effect.

Stops program execution and restarts the program from the beginning. Existing breakpoints and
other settings remain in effect. This is the same as clicking Kill followed by Go.

Moves the thread to the next line of execution. If the line the thread was on includes one or more
function calls, TotalView does not step into these functions but just executes them and returns.

Like Next, except that TotalView does step into any function calls, so the thread stops at the first
line of execution of the first function call.

If the thread is in a block of execution, runs the thread to the first line of execution beyond that
block.

If there is a code line selected in one of the Source views, the thread will stop at this line,
assuming of course that it ever makes it there. This operates like a one-time, temporary
breakpoint.

totalview.io




Stepping Commands

Select StepM in the toolbar. TotalView stops the program just before the
first executable statement, the call to setjmp (context);

mEi= | g LA TEmren

nede t “nede; le.--'-d
3: "

FETINE LORNTCET

-1 | Whlle |aode = readerpr ()]

X previciiy = supluate rade])

%3 pristd « Pirewhimis. | | previeus. | i
-1 FPlexh {widout

!.'j T Ies=ET res T |
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Stepping Commands

Select Step again to advance to the while loop on line 31, and then
select Step M again to step into the readexpr() function. (Next would step
over, or execute it).

TSrman Papes o EEDrsr ™ B E DT : L= L=l ! ::j Les o i) B

L1 B E B S S ] Lo
| B I8} =L e rFEE Pl = =" | | FEEXECSEST - L I |
L mceder Clmpm F noade clepn = [moede clmaw T3 resslchser O
L1TF mle = e POl vi=dEe CLlEsE. L L = 3
F

L1S reCurm | g 7
L0 E

maedem § “remedesoopr L3

L.ﬂ--‘-'_l rosde 1 '-\-u-d-c—l:l.-\‘b"
L?:"'--_ rmaclcbimer  § 5 - -

LI ISenTchEr = EOF i
. D n | mhEle CreexEchear = "
131 resadchiEsr [0
| B = Faedas = EEprEck 35T -]
EAE Im=stcher | 5, i b e mar s reemtchesr [ =g
L3 & i 1
F
L3 FE=Curm (L s B
LT ]
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Using Set PC

m: Arson Pores Bookmwis Debug Window  Mep

e Resumes execution from an

arbitrary point Lt

e Select the line

e Thread->Set PC

totalview.io
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Demo

* TotalView Ul demo (QT Threads Example)
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Action Points
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Breakpoint

Action Points ¥ | Replay Bookmarks X
ID™ Type Stop Location Line Evalpoint

v 1 Process | ..._demo.cxx#25 | _.o0.cxx (line 25 ]

Watchpoint
v 2 KIS Group | ...058 (amaylength)

Barrierpoint

_ BN



Setting Breakpoints

e Setting action points

e - » Single-click line number
i o » Right clicking on the line
struciete syELonly number and using the

context menu
e Clicking a line in the source

[ hee  Sispv e Line view then selecting the
i il |2 | ! EEEE Frecess | tx bckcr B Action Points -> Set

@ | : | ; o ) m Froceis | Ex blgcki cax =4 breakpoint menu Option
a1 "l"-'ll;ll o' 3 m Frocess | D DOk Can =¥

LT ey ST rucll

A3 sy L1 Fucil

nd =y ST rucl

55 r:"luliﬂll—_ |

59 | TotalView by Perforce © Perforce Software, Inc. totalview.io



Setting Breakpoints

* Breakpoint->At Location...
» Specify function name or line number s L

* |f function name, TotalView sets a breakpoint at
first executable line in the function v —

Al Location in t_cwtda matmul {on nvidiag. totmlyic. =

Ermey [ Dt i it ey

ST A RL | -
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Pending Breakpoints

* Useful when setting a breakpoint on a library that has not yet been loaded into memory

AL Location in tx_Cowda_ matmul {on nvidiaé.totaly = .

Croes DSy & paokn

Ty Al o -

FE=&lE HREAE FLIN]
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Modifying Breakpoints

Modify Break Point (on ubuntul40a-z8a64] = I

* Enable / Disable /

Modify BreakPoint 1D: 3 +| Enatiled
I — Delete a breakpoint
e SO || Ceoup .

* Adjust the

breakpoints width

* Group: Stops all running threads in all processes in the group.

* Process: Stops all the running threads in the process containing the thread that hit the
breakpoint

* Thread: Stops only the thread that first executes to this breakpoint
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Evalpoints

LAl T s e e b Ak

Create Evaluation Point

Evihaile Tus eqcssan of Wlalasd.  [r Sdoa Gaby Corzdl T~

¥ > J) Semop

Larminge La= =

LHLEETL LBl AT Y PRl | e kL
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Evalpoints

* Use Eval points to :
— Include instructions that stop a process and its relatives
— Test potential fixes or patches for your program

— Include a goto for C or Fortran that transfers control to a line

number in your program
— Execute a TotalView function

— Set the values of your program’s variables
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Evalpoints Examples

* Print the value of a variable to the command line

printf("The value of result is %d\n", result);

» Skip some code

goto 63;

» Stop a loop after a certain number of iterations
if ((i % 100) == 0)

{
printf("The value of i is %d\n", i);

Sstop;
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Watchpoints

* Watchpoints are set on a specific memory location
* Execution is stopped when the value stored in that memory location changes

* A breakpoint stops before an instruction executes. A watchpoint stops after an instruction executes

F{arms Tiypes Wk

A emsris
. i w300 () X
i L o o TP D
Ege SITE Tree

Black an Lin= [318 " =

Cwes
IE LAk l:‘HT :F1|:. R

: - & Agd o Deis Veew e e — Lo
C ok reel L
g Tl —_—— Creals WL hpnnd
& CoaEm GeOOON ¥ (1176
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Using Watchpoint Expressions

» TotalView has two variables that are used exclusively with watchpoint expressions:
 Soldval: The value of the memory locations before a change is made.

* Snewval: The value of the memory locations after a change is made.

* Example 1
if (iValue 1= 42 && iValue !=44) {

iNewValue = Snewval; iOldValue = Soldval; Sstop;}

* Example 2

if (Soldval >= 0 && Snewval < 0) Sstop

totalview.io

67 | TotalView by Perforce © Perforce Software, Inc.



Barrier Breakpoints

* Used to synchronize a group of threads or processes defined in the action point
* Threads or processes are held at barrierpoint until all threads or processes in the group arrive

* When all threads or processes arrive the barrier is satisfied and the threads or processes are released

B coorwn D roow e

pthrens axit (Aaxit %t ),

i
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Saving Breakpoints

won  [Emmenn ccot5s - O O QO AEE

= EBocks TVIE vlbreskpsings

Fils® rsme Ew_fork_ioeg. Tl w] b skipda imis u Yyl

Filsn o bppe | Savdes Orasbpranmis (% TVE o Jre sk psdray - LA s

From the Action Points menu select Save or Save As to save breakpoints
Turn on option to save action points on exit
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Call Stack and Local Variables

Liseiis Fie oF Funoean B

Ll
L1 TR
ol b i The Call Stack View consists of two panels :
= z v * The Call Stack panel
__.,..,_ - * The Local Variables panel

]
i
;

I e Tt ]
F g woid [ BRI

¥ Bock &l L SEL

LT P e | SFLEY D)
¥ Blod & Line §38
= ] DRI 13
oid i r et -]
bhed ri D] 1 1)
[k L] Do AL 2T 40 |
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The Local Variables Panel

agy ! ~
=
b
"It
Jar D
A *0U
d_add @
b =q
(Coo)
"
[T e
(9 ] [
LS R ) nut
pa
‘ Hase value

e—

The Local Variables panel displays variables for the thread of interest (TOI)
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The Data View Panel

Add data to the Data View using the context menu or by dragging and dropping

;
Hame Frpe Ve
T rpumanis
g ri Dl
m":w ey i Context menu
i [
bl WY e
B Crehns Yoy i [miru
— =
Dma ‘sl X acnl Viermblay E
ol Hare Tyne e
[ e Tl |
[Add Merw Exprezmorn e - HRRLD Drag and drop
fsrerg DT HEdeasricf] - DaTHe
re Do B0 [ 1275
rd Lo auE] ] ¢ 1)
Lo Pl TR | | gy S o [oars] LT
] ] 2501
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The Data View Panel

Select the right arrow to display the substructures in a complex variable

Any nested structures are displayed in the data view

Harmre T [T
P EwcDloray Tl O 0] nrgEj 20| 200 Dt Wi
(ﬂ- =TT Lt 30 IEalrisg = 20| :" .“ S
% Lt - Ox00S0000 ¥ el st s [t sirecets|
[1] string * LT H e
| i Dim TRORZO0ETw o 100
121 feriring * D HECA]
¥ nt D OO00LE S | 30
3] fowiring * Oe OO0
4] futrng OO0 0000 - - i
5] Ly " eSO I-"r;_ d -3 ‘\I SIUCL nEFe | SFUCT e SIrict]
(] oring ¢ Ot (RS HR0A B Es i3] line]3]
" dstring * (a0 o
L4} feriring ¢ D HEC
1% fwiring * DO D0 000
-
ifina Lndrann e e Ll
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The Data View Panel

Dive on a single element to view individual data in the Data View

15] SELrira] ® (S0 R
16} §arring e O
| | |
— i -
A Eabrirg _ Delete  Del
12 $alring * QxCO0o00n
1%] $alring * QxCO0o00n

F @ ngsrayy I __-:I' Rulrimg [ e

|Add New Expreusicn ]
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The Data View Panel

Enter a new expression in the Data View panel to view that data

—
ta Uilew X
-H-'I T ‘Tl
l""l"-'ll'll"l FITECTE ERTLE I ESTLCT -'.l"u.'r\l.lll.lu:
—m int Qa00030004 |10] ) )
T Type the expression in the [Add
I - B New expression] field
b 1 F¥L2
L1+ HNaT Pl 5DE CERNECT M= P00 e
%8 ini ¥ and3In
‘. 1
AT |
myStruct.x int 0x0000000a (10) A new expression is added
myStruct (&5 ) int 0x0000000({157) Increment a variable
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The Data View Panel

Dereferencing a pointer

Hu—e e vahua ' When you dive on a variable, it is
Iz pd S rireg fanrirag # Ma RS B e = b B b e bk kel kol i not dereferenced automanca”y

Double click in the Name

Hpymra Trps column to make it editable
e B SITIDNG fuinng and dereference the pointer
[ ame - Vs The Data View displays the
s ST inGg i ST el el b gt s e e el e e . Var|ab|es Value
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The Data View Panel

Casting to another type

j Cooar T Dy0000000a (10 Cast a variable into an array by
adding the array specifier

F - e . .

L, e S TotalView displays the array
(14| i D DS 0e30 o 1050
] ing [re OO0 & | 1500
[¥ i CeDoOO0XL0 | 18]
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Viewing Data in Fortran

Sias Paga | 0 i 00 % | e 8 The qualified subroutine

b i name appears in the Call
\T Stack view.

i — e

] FYF = .o .

m s @ run The qualified variable names

13 imie] OB _an appear in the Local Variable
EMG BOCULE EE scul Vi K

panel.

) "q: ...... [EE T o
18 L > —
] IXE ® FYF T “AAsE MNTEGRR"1 I (TR

TTIEP RTEGEAE i (TS0
23 Fwb2 il
WEEE RTECGER"2 & (b0
1] wphi
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wah ]
L mm, 6LV T
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i I LI
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L] e =
3T A% H
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Fortran Common Blocks

e

For each common block defined in the scope of a subroutine or function, TotalView creates an
entry in that function’s common block list.

The names of common block members have function scope, not global scope.

If you select the function in the Call Stack view, the common blocks and their variables appear in
the Local Variables panel.
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Fortran User-Defined Types

[
Foo_madu ls
[ T b sime masin
Jummery
L 7 L
]
T'o=a
‘l:l.
o=
baar
Jarray]a; 3,4, 5] Lot il Vi ®
bear
ke rame Topes
P T T T chary rharacye e Wl
L ] L]
r RPE_A D 0 Dy 65 ] [e0eidied
N
- _a_bar teri ]
o |
¢ | Mame e o oA len g Fppeicn) prisis
o _js Ty bo, podmi=e () R koo e e
.: LA _ Py Bypre o | Thei i) T i [ S L |
B O ATEY HHTELER"H MNTRGER"HI 34 51 ioial INTRER™
L T o= i W 21 [ L Fa |
¢ 3] i LU [SHET)

TotalView displays user-defined types in the Local Variables panel, which you
can then add to the Data View for more detail
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C++ Container Transformations

e TotalView transforms many of the C++ and STL containers including:

* array, forward_list, tuple, map, set, vector and others.

B ®

——
Data View
Name Type  Value
ml cla... (class std:map<int,int,std::less<int> std::allocator<std::pair<const ...
0 ma... (Map_element) .
Key int 0x00000001 (1) See ThIS!
Value int 0x00000001 (1)
1 ma... (Map_element)
Key int 0x00000002 (2)
Value int 0x00000004 (4)
2 ma... (Map_element) ae
Key int 0x00000003 (3) Data View
Name Type | Value
ml cla... (class std::map<int,int,std::less<int> std::allocator<std::pair<consti...
_M_t std:... (std:map<int,int,std::less<int>,std::allocator<std::pair<const int,int>...
_M_impl str...  (struct std::_Rb_tree<int,std::pair<const int,int> std::_Selectlst<std...
allocator cla... (class std:allocator<std::_Rb_tree_node<std::pair<const int,int> > >)
_M_key co... str... (struct std::less<int>)
binary_... str... (struct std::binary_function<int,int,bool>)
_M_header str...  (struct std::_Rb_tree_node_base)
_M_color en... _S_red(0)

_M_par... std:... 0x01fdd2e0 -> (struct std::_Rb_tree_node_base)
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Advanced C++ Support

* TotalView supports debugging the latest C++11/14/17 features including:

— lambdas, transformations for smart pointers, auto types, R-Value references,
range-based loops, strongly-typed enumes, initializer lists, user defined literals

#include <functional>
#include <vector>
#include <iostream>
eval(std::function< ( )= f, x = 2.0){
5 return f(x);}
main(){
9 auto glambdal = []( a, float b) { return a < b; };
auto glambda2 = []( a, float & b) {
12 (a < b)
return 1;
14 (b>a)
15 return -1;
16 return 0;
17 }
19 bool b = glambdail(3, 3.14);
20 i = glambda2(2, 3.14);
21 ( i=0; i<19;i++)
22 b = glambdail(i, 3.14+1);
std::function< ( )> fo = [1( x){
26 return 1;};
auto fi = [1( x){
28 return X;3};
decltype(fo) fa[3] = {fe,f1, [1( x){
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Array Slicing, Striding and Filtering

 Slicing —reduce display to a portion of the array

Classic Ul Only
* [lower_bound:upper_bound]
* [5:10] v - main- 1.1 - O »
e Striding — Skip over elements File Edit Yiew Tools Window i telp
_ 11 g | PR | €PN
* [:IStrIdE] Expression: | v Address: | 0x7FFcB930e630
3 1A, Slice: | [10:50:5]1[2:4] Filter: | »,20:<,5(
[:5], [5:10:-1] Tupe: | double[256][256]
. . Field [Walue T
* Filtering [151[2] 0,232472577429766
[15][3] 0,232769351465299
— Comparison; ==, !=’ <, <=, >, >= [151[4] 0,233184870629246
[20](2] 0,307670821809258
. . ; [20][3] 0,307961180085061
— : [> - :[< -
Range of values: [>] low-value : [<] high-value o0lLe] o SoaTER S
. [25][2] 0,380992147462118
— IEEE values: Snan' S'nf' Sdenorm [25][2] 0,381274288613309
[25][4] 0,381669226564081
[20]1[2] 0,451989264104628
[20]1[2] 0,452261466933985
[20104] 0,452642480247587

86 | TotalView by Perforce © Perforce Software, Inc. totalview.io



87

Viewing Array Data

e Easily view 2D array data in table format.

Classic Ul Only
Array Viewer: v[i][j] = o x
File Help
Expressiong|v Type: Idouble[EEB][ZEE]
Modify array slice:
Dimension Start Index End Index Stride
R [i] £ 10 50 5| Update Yiew
Column |[ j 1 f 2 4 1
Format: PAutomatic jl Slice: [10:50:5][2:4:1]
[jl:2 3 4
[i]:10 | 0,155856154554599) 0,156157593783007 0,15657950422173
15 0,232472577429766| 0,232769381465299 0,233184870689246
20 0, 307670821809208| 0,307961180085061 | 0,308367633408848
25 0,380992147462118| 0,381274288613309 0,381669226564081
30 0,451989264104628| 0,452261466983985 | 0,452642480247087
35 0, 520229060085201 | 0,520489664143104 | 0,520854428381709
40 0,580295244544086| 0,585042659988352) 0,080888949989877
45 0, B46790886958509| 0,647023604453132 0,647349307705949
i} 0,7043408380832083 0,704557438405407| 0,704860568035534

TotalView by Perforce © Perforce Software, Inc.
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88

Array Statistics

* Easily display a set of statistics for the filtered portion of your array

Start Page * | combined.cxx * | vol % |

Array: vol (Thread: 1.1)

Slice: | [1[] Type: double[20][20]
Statistic Value
Count 400
Zero Count 0
Sum 597909.794
Minimum 6.28304
Maximum 7273.40418
Median 915.75308
Mean 1454.774485

Standard Deviation
First Quartile

Third Quartile

Lower Adjacent Value
Upper Adjacent Value
Man Count

Infinity Count
Denomalized Count

Checksum

1566.23066267959
283.91487
2259.14557
6.28304

5195.2887

0

0

0

45876
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Visualizing Array Data

Classic Ul Only

v[0:255:4][0:255:4] - o x

* Visualizer creates graphic images of your program’s

File View Window

array data.

248

* Visualize one or two dimensional arrays

0.9993

* View data manually through the Window > Visualize

0.4999

command on the Data Window

7 0.0004402+%%

-0.499

* Visualize data programmatically using the Svisualize

function

!
Y Axiz 000 \ /

-0.500 .'| ."‘

T 1
oo 00 200 300,
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Dive in All

e Divein All

* Use Dive in All to easily see each member of a data structure from an array of structures

DataView % | Command Line ®¥ | Logger ¥ | Input/Output *

MName Type Thread ID = Value

wvol 11 =Data is Stale>

amay struct compound_t[20] 11 (struct compound_t[20])

array[:].x.a int[20] 11 (int[20])
[0] int 11 O00a700c0 (10944704)
[1] int 11 Ox00401853 (4200531)
2] int 1.1 0x00405ddd (4218333)
[3] int 11 000401720 (4200224)
[4] int 11 Ox07b48555 (129271125)
[5] int 11 Ox0040180e (4200462)

90 | TotalView by Perforce © Perforce Software, Inc. totalview.io












Python in HPC

* Python development trends:
* Increased usage of Python to build applications that call out to C++

* Provides access to
e High-performance routines
* Leverage existing algorithms and libraries
» Utilize advanced multi-threaded capabilities

* Calling between languages easily enabled using technologies such as SWIG, ctypes, Pybind, Cython, CFFI, etc

* Debugging mixed language applications is not easy
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Python debugging with TotalView

* Debugging one language is difficult enough
* Understanding the flow of execution across language barriers is hard

* Examining and comparing data in both languages is challenging

* What TotalView provides:
* Easy python debugging session setup
* Fully integrated Python and C/C++ call stack
* "Glue” layers between the languages removed
* Easily examine and compare variables in Python and C++
* Modest system requirements
» Utilize reverse debugging and memory debugging
* Support for Python 2.7 and Python 3.0

* What TotalView does not provide (yet):
* Setting breakpoints and stepping within Python code
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Python without Filtering

File Edit Group Process Thread Action Points Bookmarks Debug Window Help

Wirsstirarsin : : : “ / n

Jrocesses & T.. ® |_ookup FileorF... % ‘}oc..‘ ® | Start Page * | python.c ‘ tv_python_example.cpp % ‘ Call Stack
Description #P #T ¥ | Members #include
python3.7-... 1 1 pl IE int fact(int n) { o
6 if (n < B){ ST
HWa.. 1 1 pl 7 return @;
3 _ M FastCallKeywords
fact 1 1 pll 9 (n==2a) {
18 t 1; _PyCFunction_FastiliKeyword
1 1 pL1 ) return I
{ call_function u e
14 return n * fact{n-1); _PyEval_EvalFrame[@fault
! codae
16 }
18 getsquare( n) {
19 return n * n;
268} tCallKeywords
Data View | CommandLine * | Logger

& o/

Name Type Thread |D | Value

Local Variables ‘

[Add New Expression]

Name Type Value

Arguments

Action Points % ‘ Replay Bookmarks n int 0x00000003 (3)

1Dv Type Stop Location

v 1 IEZTHE  Group | dot
v 2 EEEETE Group | fact

Process: 1 (2943) python3.7-dbg Thread: 1.1 (2943) - Breakpoint Frame: fact File: ...jects/Python/Python Examplesfiv_python_example.cpp
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Python with filtering

File Edit Group Process Thread Action Points Bookmarks Debug Window Help

n { ReplayEngine [ | | n

Jrocesses & T.. ® |_Dokup FileorF... % ‘3{)(‘. »® Start Page * I python.c % ‘ tv_python_example.cpp * ‘ Call Stack
@ @ @ | [B = Y
Description #P #T * | Members #include fact
python3.7-... 1 1 pl i i
-i int ﬁcﬂ.l:[a?i { callFact
W5 1 1 pl 7 return ©;
} pySupportedTypes
fact 1 1 plL1l 9 (n==o2a){
ullc] return 1; G  =module>
1 1 pl.l }
{ © man
14 return n * fact({n-1); __libc_start_main
}
16 1}
18 getsquare( n) {
19 return n * n;
28}
Data View * | Command Line * | Logger
] [0
Name Type Thread ID | Value Local Variables ‘
[Add New Expression] MName Type Value
Arguments
Action Points % ’ Replay Bookmarks n int 000000003 (3)
(9,4 Type Stop Location

v 1 IEETE | Group | dot
o4 2 |EEZTE Group | fact

) - Breakpoint Frame: fact ile: ...jects/Python/Python Exampl
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Demo

» TotalView Python / C++ debugging demo (test_python_types.py)
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everse Depbugging witn Replay engine



Reverse debugging

* How do you isolate an intermittent failure?
—  Without TotalView

i Group (Control) i ReplayEngine

* Set a breakpoint in code Processes & Threads * Start Page % | combined.cxx %
* Realize you ran past the problem OONC) ‘ ==
R B do_parallel = 1;

Re-load Description #P #T ¥ Members
. i ; main(int argc, **arqy)

Set breakpoint earlier combined (53] 1 1 5 (
* Hope it fails

Stopped 1 1 pl 29 str = (char *) malloc(100);
* Keep repeating 30 strepyl str, "Hell rld" );
main 1 1 pl.l
. . 1.1 1 1 pl.1 33 arrays();
— With TotalView 34 diveinall();
_ 35 printf( "%s\n", str );
* Set a breakpoint :
. 37 1 71 = {1,2,3,4,5,16,32};

* Startrecording arr_longs(7] = { }
«  See failure 39 pthreads_loop();

¢  Run backwards/forwards in context of failing execution S
/ g derived_class();

43 stl_view();
44 user_templates();
— Reverse Debugging 45)  trap_exception();
* Re-creates the context when going backwards 47 ) exit(1);

*  Focus down to a specific problem area easily

* Saves days in recreating a failure

TotalView by Perforce © Perforce Software, Inc.
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Recording and Playback

When ReplayEngine is saving state information, it is in Record Mode

* The saved state information is the program’s execution history

* You can save the execution history at any time and reload the recording when debugging the executable in a subsequent
session

* Using a ReplayEngine command, ether from the Toolbar or the CLI, shifts ReplayEngine into ReplayMode

* Debugging commands that do not work in ReplayMode include:
* Changing a variable’s value
* Functions that alter memory

* Running threads asynchronously
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ReplayEngine Toolbar

Record . a toggle that enables and disables ReplayEngine.

Go Back displays the state that existed at the last action point. If no action point is encountered,
ReplayEngine displays the state that existed at the start of its recorded history.

Prev displays the state that existed when the previous statement executed. If that line had a function
call, Prev skips over the call.

Unstep displays the state that existed when the previous statement executed. If that line had a function
call, ReplayEngine moves to the last statement in that function.

CaIIer displays the state that existed before the current routine was called.

Back To B displays the program’s state for the line you select. This line must have executed prior to the
currently displayed line.

Live shifts from replay mode to record mode. It also displays the statement that would have executed
had you not moved into ReplayMode.

Bookmark creates a ReplayEngine bookmark at a selected location.

Save - saves the current replay recording session to a file.
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Saving and Loading Execution History

* TotalView can save the current ReplayEngine
execution history to file at any time

* The saved recording can be loaded into TotalView
using any of the following:

* At startup, using the same syntax as when opening
a core file:
totalview -newUl executable recording-file

* On the Start Page view by selecting Load Core File
or Replay Recording File
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Replay Bookmarks

* Replay bookmarks mark a point in the execution of a program, allowing you to quickly jump back to that point in time

(e P R D o e

Ciedale Rephyy Booureak .. Ci+ el

Enier an opisonal cormrsenl for B Bookrrark

- Creating a Replay Bookmark

CrEale Bl Mk Canci

LS rUcE | "
e = 'a';

e, @enmty = | "% mmlloc |

Activating a Replay Bookmark

ACpDn Poaws. = 'E_
B PC L LE L)
on #00Lef e e § COmTETR
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Setting Preferences for ReplayEngine

* You can set the following preferences for ReplayEngine

* the maximum amount of memory to allocate to ReplayEngine

* The preferred behaviour when the memory limit is reached

e Setting the maximum amount of memory. The default value ‘0’ specifies to limit the maximum size by available memory only.
dset TV::replay_history_size value

e.g. dset TV::replay_history_size 1024M

» Setting the preferred behaviour. By default, the oldest history is discarded so that recording can continue
dset TV::replay_history_mode 1 (Discard oldest history and continue recording)

dset TV::replay_history_mode 2 (Stop the process when the buffer is full)

106 | TotalView by Perforce © Perforce Software, Inc. totalview.io



Demo

* TotalView ReplayEngine Demo
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TotalView support for OpenMP

Some of the features TotalView supports:

* Source-level debugging of the original OpenMP code

* The ability to plant breakpoints throughout the OpenMP code, including lines that are executed in parallel
e Visibility of OpenMP worker threads

e Access to SHARED and PRIVATE variables in OpenMP PARALLEL code

* Access to OMP THREADPRIVATE data in code compiled by supported compilers
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About TotalView OpenMP Features

* The compiler can generate multiple outlined routines from a single parallel region. This means that a single line of
source code can generate multiple blocks of machine code inside different functions

* You can’t single step into or out of a parallel region. Instead, set a breakpoint inside the parallel region and let the
process run to it. After execution reaches the parallel region, you can single step in it

* OpenMP programs are multi-threaded programs, so the rules for debugging multi-threaded programs apply

110 | TotalView by Perforce © Perforce Software, Inc. totalview.io



Demo

* TotalView OpenMP demo (tx_omp_c_threadprivate)
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Multi-Thread and Multi-Process Debugging

* TotalView provides the power to

e Simultaneously debug many threads and processes in a single debugging session

Supports MPI, fork/exec, OpenMP, pthreads, std::thread, et al

Help locate deadlocks and race conditions

Understand complex applications utilizing threads

° By
* Providing control of entire groups of processes, individual processes or even down to individual threads within a process
* Enabling thread level breakpoints and barrier controls

* Showing aggregated thread and process state display

113 | TotalView by Perforce © Perforce Software, Inc. totalview.io



Starting a Parallel Program Session from the Ul

. Session Editor x
* From New Parallel Session page select:
& Parallel Session
* MPI preference
Session Details Program Details
* Number of tasks
Session Name File Name ﬁ
° Number Of nOdes mpi_array = hd |ijects.'LLNL_MP]_ExamplesiLLNLMPIExampIesimpi_army -
Arguments
° Starter argu ments Parallel Details [Enter any program arguments. Ex. -option foo |
Parallel System ﬁ
* Click Start Session to save and launch == - |
Debug Options
Tasks (-np):
4 Reverse Debugging
Additional StarterArguments Enable reverse debugging with ReplayEngine
[Enter starter arguments as needed | Python Debugging

Enable call stack filtering for Python

Program Environment

Standard Input Redirection ~
Environment variables for the program

[Enter line-separated NAME=VALUE pairs]

RESET LOAD SESSION CANCEL

Standard Output/Error Redirection ~
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Starting a Parallel Program Session from the Command Line

MPL_____________|Startup Command

IBM totalview --args poe myprog -procs 4 -rmpool 0
QUADRICS totalview --args srun -n 16 -p pdebug myprog
Intel Linux

under SLURM

MVAPICH totalview --args srun -n 16 -p pdebug myprog
Opteron Linux

under SLURM

SGI totalview --args mpirun myprog -np 16

Sun totalview --args mprun myprog -np 16

MPICH mpirun -np 16 -tv myprog

MPICH2 totalview --args python ‘which mpiexec’ —tvsu -np 16 myprog
Intel MPI

The order of arguments and executables differs between platforms

You can use totalview --args instead of totalview <starter> -a
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Parallel Debugging Group, Process and Thread Control

File Edit Group Process Thread Action Points Bookmarks Debug Window Help

Group (Control)

Group (Control)
P Process Lookup File or Function % | Documents % Start Page % ‘_sched | yield % ‘ demoMpi_v2.C % ‘ x
Thread =] =] 57 default_length: H Y
= = =1 58 * sendBuffer=new [BUFLEN];
Description #P #T ¥ | Members 59 * recvBuffer=new [BUFLEN]; — main
processor_name [MPI_MAX_PROCESSOR_NAME];
mpirun (S3) 1 1 pl | 61] ompi_communicator_t* my_mpi_comm_wor1d=MPI_COMM_WORLD;
62 ompi_datatype_t* my_mpi_double=MPI_DOUBLE; _libc_start_main
B Running 1 1 pl 63 ompi_op_t* my_mpi_ma:
64 ompi_datatype_t* my_mpi_int=MPI_INT; _start
1 1 1 pl 65 MPI_Init(&argc,&argv);
(1
demoMpi_v2 (S4) 4 4 0-3 67 MPI_Comm_size(my_mpi_comm_world,&numprocs);
i 68 MPI_Comm_rank(my_mpi_comm_world,&myid);
W Breakpoint 4 4 03 69 MPI_Get_processor_name(processor_name,&namelen);
2 1 1 0 71 MPI_Get_pr ss0r_name(processor_name, &namelen);
if( myids2 == @) sleep( 2 );
3 1 1 1
. 4 1 1 2 74 fprintf(stderr, "Pro or ", myid, processor_name);
Se I e Ct e It h e r 75 sprintf(sendsuffer, lo there from ', myid, processor_name);
76 next = myid+4; T
5 B B 3 77 (next>=numprocs)
78 next-=numprocs;
[ ] G ro u 79 previous = myid-4;
80 (previous<o)
81 previous+=numprocs;
* Process ;s e
f ing deadlock, enable eva ) \ !
(myidsz==0){
° Th d 86 f1i(sendBuffer, recvBuffer, next, previous);
rea 2 eles ¢

Data View | Command Line * l Logger * ‘

o
|Name Type Thread ID  Value
) Local Variables

Name Type Value
Action Points % ‘ Replay Bookmarks % ‘ Arguments
v Type Stop Location Line Function arge int 0x00000001 (1)
v 1 IEETH Process | ..oMpiv2.C#61 | ..iv2C(ine61) main av Ssiring = OxT1fe60fbeals ->
v 2 [EIITH Process | ...emoMpi_v2.CT: ...pi_v2.C (line 72)| main Block at Line 53
v 3 IEEIW Process  ..oMpi_v2.C#85 | ..iv2C(ine85) main root int 0x00000000 (0)
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Call Graph

Classic Ul Only

* Quick view of program state
Group {Contral) Q I” Auto-Arrange

* Each call stack is a path ¥ (13,23, 33, 4.3)

* Functions are nodes [random_26]31. 4.1)

* Calls are edges

e Labeled with the MPI rank or thread ID

» Construct process groups

* Look for outliers = = (2.3, 3.3, 4.3)

e Dive on a node in the call graph to create a Call Graph
group.

| |
[ random_15 | [ random_23 | [random_11 |

totalview.io
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Parallel Preferences

Attach Behavior controls if TotalView should attach
to all of the processes, none or ask what to do

After Attach Behavior controls if parallel job stops,
runs or if TotalView should ask what to do
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Parallel Configuration

Configure the parallel attach behaviors for debugging sessions.

Allach Behaviar

Sesieri how ha of bggeET BRAchas in FAREd DRICPEsrL

B Abach

After Attach Behavior

Sad] Ohet Gt G2 SRECheg 1 et (FOOS55E5

dltark Attach Bahaior
Sslwci how o aflach io lorhed processss wfan wming TotalVew's dblod: heiper sy
B Atinch in lorbed ¢
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Subset Attach - Control Which Processes TotalView Attaches To

Classic Ul Only

* Debug a subset of the processes that make up the job o N e
et g2 1o attach 1o: showing, total)
. Anampmr“ Host | Comm Rark | Pragram g [
* Sometimes the user does not need to control and see m  ogawior7 0 I/g! fwhite220ireprofALLUALLCZ by J
. . O bgldevie?7 1 f lgfgl thwhita220meprod ALLefALL 2 bl
every process to understand the behavior or id the ool : L2
o w9 § /g tiwhita22iraprof ALLC/ALLE
[ bgldenio?s 4 d fgfg 1 1hwhite220dreprodALL clALLEE byl
defe Ct [=] bgldw ofd & 5 -'i?gl Thwhite2 20 reprofALL AL _Q.hﬂl
= bgidaiors 6 f fgfg 1 hwhite2 20 mapradALL o' ALLEE bl
. 0O bgldewie?s 7 7 fgg ! white220dreprod ALL c/ALLc2 byl
e The subset can be chan ged at any time ®  bgdeioTT B 8 lg/g! tiwhite220ireprofALL AL E2 bl
=} bgidewiord 8 9 fghg 1 hwhite2 20 mapnafALL o' AL byl
. ] nglrjw ofd 0 10 -'g-'gl '.'wrr.n:i':ﬁl.’f-.'relrm.ﬂ\. LofALL r“.'f.l:-gl
e Can narrow, expand or shift focus O bgdeds?a 11 " Igig! iFwhite220ireprafLLEAALLe2 byl
m bgldeioTd 12 12 ffg 1 1w hite2 20N reprodALL L2 bl
0O bgldevio?s 13 13 g white220dreprod ALLG/ALLCZ byl
* Uncouples interactive performance from job size S sty
®  bgldevio?E 16 16 fgg ! white220dreprod ALLG/ALLCZ byl
* After the subset operation completes = e o ipyiimnaeorpAonicony
o bgldeviosd 18 19 fg! white220dreprod ALLGAALLCZ byl i
* Interactive performance depends on subset size - __ Atachar | Detach Al
_I Communicator; | 1 Array of Ranks
e Supports the use of lightweight tools I Takg to Rk 2] Lt of Rarics: |
IMeesae Typer T Send [T Recafie Apply Fllters
* Such as LLNL's STAT I Balt conwol growp

Contnus Help
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View MP| Message Queues

* Information visible whenever MPI rank processes are

halted
* Provides information from the MPI layer Classic U Only
Fil Edit Vi Wind Hel
+ Unexpected messages —° I TeW  Znaow SR =P
= = = . Message State - 1.1 "springs.0 = = =
. MPI_COMM WORLD collective |
° Pendlng Sends Comm_size 4 J
Comm_rank 0
. . Pending receives
* Pending Receives (0] ,
Status Pending
Source 1 (springs.1) )
S Ta 3 (0x00000003)
* Use this info to debug User Buffer 0x0809d028 -> 0x00000000 (D)
Buffer Length 100 (0Dx00000064)
* Deadlock situations Unexpected messages
(0]
. Stat Pendi N
* Load balancing o D= o) i
- =

* May need to be
enabled in the MPI library

e --enable-debug
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Message Queue Graph

Classic Ul Only

Options Update Close | Help |
* Hangs & Deadlocks A
. 0
* Pending Messages 5 o
: T
* Receives £l
100
* Sends
0
* Unexpected g ¢ 4
1 100 1480
* Inspect 200
. . 100
* Individual entries 3
7 0 10 ]
* Patterns 5 Al
2
0 2 10
00
B : 4
100 3
= 20
/
~ P
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Find Deadlocks and Performance Sinks

Classic Ul Only

Layout ] Cycle Detection ] Filter ] Save As...

I I” Detect Cycles I

* Filtering Neacyn |
Reset Cycle Search |
* Choose messages to track Options Update Clc

e Choose MPI Communicators

e Cycle detection

Options | Update |
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Multi-Thread Debugging Techniques

e Multiple ID’s for threads
* pthread library ID — Displayed by default in TotalView
* OS Light Weight Process (LWP) ID
e TotalView thread ID — ProcessID.ThreadID, e.g. 1.3

* Finding deadlocks due to mutex misuse
» Utilize ReplayEngine/reverse debugging

* Leverage watchpoints to find when mutex was acquired

Set the “Open process window at breakpoint” preference on the Action Points tab

To get LWP id, turn off TotalView user threads (-no_user_threads)

TotalView normally just displays the pthread ID
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Multi-Thread Debugging Techniques

* Dealing with thread starvation
* A tough problem to solve...
 Utilize prior technique for watching when mutex’s are locked/unlocked

* Leverage Evaluation Points and TotalView’s built-in Statements

* Scountthread expression
* Sholdthread
* Sstopthread

e Halt the program during execution several times to see where execution is at in the Stack Trace
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Multi-Process Debugging Techniques

* For high-scale debugging sessions, use command line launch of the parallel job instead of the Parallel Program Session
in Ul.

* Ul Parallel Program Session uses a flexible “bootstrap” parallel session mechanism for easy debug session setup but takes
longer to launch.

* Enable reverse debugging on a per-process basis

* Halt a specific process and enable reverse debugging on the fly

* Memory debugging can be enabled on one or more processes

125 | TotalView by Perforce © Perforce Software, Inc. totalview.io



Demo

* TotalView MPI Demo (mpi_array_broken)
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VMlemory Debugging with MemoryScape



MemoryScape — Simple to use, intuitive memory debugging

‘X MemoryScape 2019X.2.8

* What is MemoryScape?

e Streamlined

v | Corrupted Memoary | Memory Comparisons

* Lightweight "
g g ugust 16, 2019 Heap Status Graphical Report
L. Save Data — Options
. Export Memory Data... .l [eaea o 5 . n
Intu Itlve [v Detect Leaks [~ Enable Filtering i Leaked Block :
Heap Status Reports
* CO||ab0ratlve ggg::;g:%ggm Process 1 (36180): t<_local_structure_leak_nested E
° M D b H Other Reports Categories 2.00KB I
emory bebugsging Leak Detection Reports 0x7id04400000 - 0x7Ad04600212 (2.00MB)
Memory Usage Reports
Corrupted Memory Report
Compare Memory Usage
* Features o e
er Tas|
Manage Filters <
e Shows
Heap Information | Backtrace/Source | Memory Content I
—Overall Totals - Selected Block - Related Blocks
* Memory errors
) Category Property Ca
« Memorv status Frocess Selection Heap -~ Start Address 0x7Md044010e0 || [Backtrace ID 27
y @«I]Allocated 1745 30 - End Address 0x7ffd04401111 @--[IAIIocated 0
_local_structure_leak_nested (: #-MDeallocated  3.65KB 49 - Size 64 +- @ Corrupted Guard Blocks 0
* Memory leaks #-MHoarded 0 0 - Type Leaked +- M Deallocated 0
ﬁ-[lLeaked 15.68KB 148 - Filtered No +-EGuard Blocks 0
+-FIRed Zones 0 ] - Backtrace ID 27 - Hoarded 0
° H
BUffer ove rflows - Allocator C +- M Leaked 3.12KB
- OWner C +-FERed Zones 'U-
 MPI memory debugging

* Remote memory debugging
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What is a Memory Bug?

e A Memory Bug is a mistake in the management of heap memory

Leaking: Failure to free memory

Dangling references: Failure to clear pointers

Failure to check for error conditions

Memory Corruption
e Writing to memory not allocated

e QOverrunning array bounds

129 | TotalView by Perforce © Perforce Software, Inc. totalview.io



Heap Memory

* Heap is managed by the program
— C: Malloc() and free()
— C++: New and Delete
— Fortran90: Allocatable arrays

* Malloc usage is something like:
int * vp;
vp=malloc(sizeof(int) “number);
if (vp == O}{ /*malloc must have failed*/ }
/" usevp */

free(vp);
vp=0;
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The Agent and Interposition

Process

User Code and Libraries

TotalView

Malloc API
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The Agent and Interposition

Process

User Code and Libraries

Heap Interposition

i llocation eallocation
TOtaIVIeW ATabIte Agent (HIA) ’ 1|'|ablet

Maloc API
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TotalView HIA Technology

e  Advantages of TotalView HIA Technology

e  Use it with your existing builds

e No Source Code or Binary Instrumentation

*  Programs run nearly full speed

e Low performance overhead

e Low memory overhead

e Efficient memory usage
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Memory Debugger Features

e Automatically detect allocation problems

e Memory Corruption Detection - Guard Blocks & Red Zones
e Leak detection

e Dangling pointer detection

e View the heap

e Memory Hoarding

 Memory Comparisons between processes
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Leaks and Dangling Pointers

ptr —» [ rormal allocation

W —

leaked memory

-

dangling pointer

135 | TotalView by Perforce © Perforce Software, Inc.

totalview.io



Memory Debugging Options

D O ® MemoryScape 3.2.3-1

g Options

octoner 26,2012 | Memory Debugging Options

Related Tasks | ooi0ct your preferred level of debugging below or press Advanced m
Load Memory Options Options for more control.

Save Memory Options
¥ Enable memory debugging

Other Tasks Levels of Debuai
Add Program evels ofebugding
hManage Processes M Low

Provides event notifications and leak detection. It allows the best perfomance
for your process.

I~ Medium
Adds corrupted memory detection by appl&ing guard blocks. Performance may

degrade slightly.

I~ High
Provides memory over run alerts by monitoring Red Zone violations. Your
memory consumption will increase significantly.

I~ Extreme
Enables all options. There is a risk that performance may suffer and you will

Lise more memaory.

Export Memory Data..

Process Selection

totalview.io
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Advanced Memory Debugging Options

® © ® MemoryScape 3.2.3-0

May 44, 2012 |Memory Debugging Options

Related Tasks Customize your options below or press Basic Options for predefined settings.

Load Memory Optior .
Save Memory Optior| - Enable memory debugging

Other Tasks

Add Program
Manage Processes
Export Memory Datsz|

_| Halt execution on memory event or error

_| Guard allocated memory

_| Paint memory

[+ !
[+ |
’+ _| Use Red Zones to find memory access violations |
[+ |
|* _| Hoard deallocated memory |

Process Selection

oss 4
Parallel Job fil
ugMPI_COMM_WORLQ —

filt A

? 1 Sl Yellow buttons | mean:

A filterapp-

P filterapp-|y *multiple processes are selected
* the settings can wvary among selected processes

]’ - ® you can modify the settings for all these processes by pressing the yellow buttons _|
\ |
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Guard Blocks

Guard allocated memory

When selected, the Memory Debugger writes guard blocks before
and after a memory block that your program allocates

I" ¥ Guard allocated nenory

Pre-Guard Size: |8 hytes g

Pattern: OXZZifries L E
Post-Guard Size: |8 bytes ﬁ
Pattern: [0x99999595001 WM

Maximum Guard Size: |0| hytes ﬁ

Pre-Guard and Post-Guard Size:
Sets the size in bytes of the block that the Memory Debugger places
immediately before and after the memory block that your program
allocates

Pattern:
Indicates the pattern that the Memory Debugger writes into guard blocks.
The default values are 0x77777777 and 0x99999999
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Guard Blocks

(
k"-~._\._[J Configuration | Leak Detection | Heap Status IMemory Usage | Memory Compare
<7
7
{' Preceding Block Corrupted Block |Fo|lowing Block
_:.‘.> | 0108042028 171 bytes 0:0804a0d2| PrO304a0ed  32bytes  0x0304a107 |
S
i
| El Guard Blocks Snux
On Guard Blocks 3

F\"ux
Pre-Guard Size: IB hytes _%_I !

Pattem: 0x77777777 1| .|

Y

f.<,

"L
Post-Guard Size: IB bytes _e_i ‘z.‘?

Pattern: 033993933 1| .| _

Maximum Guard Size: ID hytes _%_I 2\. Backtrace [ Source 5

% Process lFunction |Line# |Source Informsdl ‘fhomesbarrykfAfred/hia_events.c
I - @-1 TUT 3
}M malloc 1439 malloc_wrappe | | 102 hreak;
i main | 106 nia_ovents.cJIRER
EI —libc_start_main libc.s0.6 104 | case notify_guard_corrupti|_
4‘1 _start hia_events 105
- 106
g 107 ) 4
4 = i = | K | =
<
3
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Red Zones

Red Zones : instant array bounds detection

* Red Zones provides:
* Both read and write memory access violations.
* Immediate detection of memory overruns.

* Detection of access violations both before and after the bounds of allocated memory.

* Detection of deallocated memory accesses.

* Red Zones events

*  MemoryScape will stop your programs execution and raise an event alerting you to the illegal access. You will be able to see

exactly where your code over stepped the bounds.

totalview.io
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Red Zones

Red Zones instant array bounds detection for Linux

* Red Zones allocation size range controls
* The optional use of Red zones will increase the memory consumption of your program.

* Controls are provided to allow the full management of Red Zone usage. These controls allow:
* Restriction of red zones to allocations in several user defined size ranges

. Easily turning red zones on and off at any time during your programs execution.

141 | TotalView by Perforce © Perforce Software, Inc. totalview.io



Memory Painting

- [V Paint memory

[v Paint allocations Pattern: |0xa110c:a?f ﬂ -
[v Paint deallocations Pattern: |0xdea11ﬂcf ﬂ -

* Useful to track down when you read uninitialized or undefined memory
» Before it has been initialized

e After it has been freed

* Memory Painting allows you to inject known values into memory on memory allocation or on memory free
* Good values don’t correspond to any valid address

 Have a distinctive look

* When cast to different types
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Memory Hoarding

,TI? Hoard deallocated memory

Maximum KB to hoard: |256 3:
Maximum hlocks to hoard: |32 3:

[v Automatically release hoarded blocks when memory gets low
Warn & halt execution when hoard drops helow threshold: IOIT 3:

' urrent Size I— KB l— Block

e  Memory Hoarding

*  Stops the memory manager from reusing memory blocks
e Can detect certain memory errors

* Hoard Low Memory Controls

*  Automatically release hoarded memory when available memory gets low, allowing your program to run longer

e Hoard Low Memory events

°*  MemoryScape can stop execution as notification that the hoard droppped below a particular threshold. This provides an indication
that the program is getting close to running out of memory.
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Heap Graphical View

D © ® MemoryScape 3.2.3-0

v | Corr

May 11, 201z Heap Status Graphical Report

Save Data rOptions
Export Memory Datal Bl Detect Leaks @l Relative to Baseline @l Enable Filtering

Heap Status Report.sl

Source Report
Backtrace Report

Process 1: filterapp-mpil.1 I/_

l
|
|0><0949d058 - 0x094d2c00 (214.91KB)

Other Reports Categ|
Leak Detection Reg
MEFID\‘"U Usage Repor e ] e e e e

Corrupted Memory R I S —
CDmpaT‘EMEmDPgUsal BB W W W N W W W W W W w w1

T I ‘
Other Tasks I~

Manage Filters -
Heap Information IBacktrace/Souroe IMemm‘g Content |
- Overall Totals —————— |- Selected Block L Related Blocks
Heap —Start Address 0x0949d098 Backtrace ID 3
P . prOAllocated 81 .55KB —End Address 0x0948d0bh prDAllocated
rocess Selection i
7 prMODeallocated LZ29.88KB —Size 36 p-ECorrupted Guard Block
: . pFDOHoarded 0 —Type Allocated prDODeallocated
Par*all diel:, 'Pl ltE p-Dleaked Unknown . —Filtered No p-EGuard Blocks
MFI_""”"“"Ll"'“"F'LD B-ERed Zones 0 —Backtrace ID 3 p-DHoarded
?’F:.ther'app—m —Allocator C p-IDlLeaked
& filterapp-mi L Owner C p-EIRed Zones
P filterapp-m
P filterapp-m
= e — =

totalview.io
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Leak Detection

® @ ® MemoryScape 3.2.3-0

e Leak Detection

Memory Reports
* Based on Conservative Garbage Collection Sunmary | Leak Detection v | He

May 11, 2012| Heap Status Graphical Report
e Can be performed at any point in runtime Save Data ~Options

Export Memory Datz| | I Detect Leaks M Relative to Baseline M Enable Filtering

e Helps localize leaks in time BN [Frocess 1: filterapp-mpi.l
Source Report
Backtrace Report

. [
* Multiple Reports Other Reports Catey |[009430058 - 0x03442c00 (244.91KB)

Leak Detection Rep

M U R = e
° Backtrace Report Eg?g:gtegaﬁgmiso; Bz EIi EEI == = = Sm =3 — — —
Compare Memory Usz . N N N BN B BN N S S S S — —

5 B E—— |
* Source Code Structure Other Tasks 7

Manage Filters

Heap Information |Backtrace/50urce |Memorg Content |

b Graphically Memory Location ~Overall Totals —————— |- Selected Block L Related Blocks
Heap —Start Address 0x0949e990 Backtrace ID 125
p ) prOAllocated  14.53KB —End Address 0x0949e95h prDAllocated
rocess Selection i
prDDeallocated 129.88KB —3ize 12 pr@ACorrupted Guard Bloch
- prDHoarded 0 —Type Leaked prOLeaked
Parallel Job filtel | | g oakeq 67.02 ||| | |-Filtered No ||| |e+mDeallocated
_ ORLD p-EIRed Zones 0 —Backtrace ID 125 p-EGuard Blocks
P{?lterapp-m| ~Allocator 3 pDHoarded
& filterapp-n L OQuner C p-ERed Zones
[ filterapp-m
[ Filterapp-m
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Dangling Pointer Detection

Classic Ul Only
J J
=| addr - main - 1.1 [=]0
File Edit View Tools Window Help
1.1 = IR
Expression: | addr Address: | Oxbfffd14 |
Type: | int * Details... |
Value |1
0x080496d0 (Dangling) - > 0x00000000 (0) | |

File Edit View Tools Window Help |
JIK = SEE
Expression: | misaddr Address: | Oxbfffd1f0 |

Type: | int * Details... |

Value [

0x080496e4 (Dangling Interior) -= 0x00000000 {0)
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Memory Comparisons

o “Diff” live processes 0,00 Hemoryscape 3.2.30

¢ Compare processes across cluster

eport

3 ry | Le n v | Hea Memory | ry | Memory Comparisons
i Compa re Wlth basehne May 11, 2012|Memory Comparison Report
Save View Options ~Data Source ————————— ~Process Comparisons
. . Save Report... # fllocations ¢ Leaks || Session 1: [filterapp-npi.0
* See changes between point A and point B ST B | Desilocations ¢ Hoard || seasion 2: [FiTeerapponpi.l
Other Reports Catef| | 4 Red Zones
Heap Status Report
H H Memory Usage Repor
o Compa re Wlth Saved SeSS|0n Corrupted Memory R
Compare Memory Uss
filterapp-mpi.0/filterap... 69.36KB 69,17KB
° H B-filterapp-mpi 69.36KB 194 69.,17KB 149
Provides memory usage change from last run e o e . P e
prmyClassA.cxx 2.00KB 0 2.00KB 4
p-new_allocator.h 1024 0 1024 1
BEmain.cxx 192 0 192 7
p-stl_algobase.h 162 194 =32 6
Process Selection
/
Parallel Job filte
t-MPT_COMM_IORLD
# filterapp-m | =

# ilterapp-ni Session 1 Source | Session 2 Source |

B HNN
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Memory Usage Statistics

FEile Edit View Actions Tools Window Help |

FUEEERE S | configuration | Leak Detection | Heap Status | Memory Usage IMerr- >
Process Al ot
@ Parallel Job nbody_tree_ — Options Controls

Ul MP|_COMM_WORLD M Text M Heap [ Total VM i) Bar (Stacked) —’l

M Data | Stack M Stack VM k-“l'l

—  hhody_tree_cn
—  hhody_tree_cn

18
—  hhody_tree_cn o
—  hhody_tree_cn »
—  hhody_tree_cn -
—  hhody_tree_cn
10
—  hhody_tree_cn —
L nhndv tree rn bd MB
| =4 | |
—Generate View
2 Chart View X
| Enable Filtering ' 1 7 S
- Process (rank)
| Generate View | . i~ 1':
| | 4
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Memory Reports

* Multiple Reports m_

* Memory Statistics iz

1 e
eonrt
rve

I-mmmn.rnm-nn; e o S S

W 1 A R

Heap S:atus Graphical R

R
HUSIETEt)
Coa Amwar Dda

* Interactive Graphical Display HE
* Source Code Display
e Backtrace Display

LALSMNCINC - CLSRORC X240

Tavvuds | el Jalidln

-2 s T, 230
Buew Lt

Gare

Sqed dreven Talr

vy Fowildir e Numv Ui - -d
Heap Status Source Regort
~Foex Seur s LU
ety U Dwebiosloe © omae [ Esdses Iwes [ EoslleTHiat g

* Allow the user to

o Bl Heserts
Lreztize Mezen
Zacdreen Frped 3 . HemeR e

* Monitor Program Memory Usage S | s m———
e Discover Allocation Layout

* Look for Inefficient Allocation
* Look for Memory Leaks

1220 » \ LOOIMINIYI S My Ll

Memory Usaga Chart Report

- S L ———
] A F Tae P Han Tl m
S| pras o B = |

Nanvwew lieage Ryaeis

Favaw frper
1y Bapedt

Crtwe et Calagrenas

Iwop SadieNessts Prooece 1 (25901 Mg
| et gt ] B THIE EME)
143, ewiry Reger. Woex LR KRR )
Corgate ‘Aewry Haze W4 [ESCI R ER
5 5 Y (E1s RIFRLS
L KB oK NI
bl 100
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TotalView and MemoryScape

Classic Ul Only

HemoryScape 3X.0.0-3

* You can use TotalView and MemoryScape i Vv s o T
together on an application. s mertams [ Memory Debugging Session ]

Memory Debugging Guide
23: ;:‘:;I’I‘e’fg:g;“ram Analyze your memory debugging data =
° M o re p re C I s e CO nt ro | EEE':;‘O:%?;:S"'"Q prﬂ.gram Memory debugging data is available for analysis. Select a report to view memory debugging data.

memoryidebagingjfle Leak detection source report

Generate Reports

J— B rea k OI nts Heap Status Reports Memory debuaaing reports summary =
I Leak Detection Reports
Mermory Usage Reports Process Status and Control El

File Edit View C/| Corrupted Memory Report
——— === Compare Memory Usage

Event Time

— Ste ppINg Group (Contral) | other Tasks (BTG

Export Memory Data

* Visibility into § 20 i
M:]i‘_'ilim start Heap Usage Monitor El
— Memory behavior - el s
— Variable contents by 0
n |
* Advanced features I |

pthread_mutex_init (Susr2_receive_lock, &mattr); I

pthread_cond_init(&cv, NULL);

— Heap baseline

#if _AIX43
pthread_rwlock_init(&rwlock, NULL);
#endif

— Dangling pointer annotation

my_pid = getpid();
if (arge > arg_count &% (arg = argv[arg_count]) &% isdigit(*arg))

fork_count = atoi {(arg);
arg_count++;

YR xS

— Memory painting

if (args_ok &% argc > arg_count &% (arg = argv[arg_count]) &% isdigit(*arg))
{

threads_per_copy = atoi (arg);
if (threads_per_copy > FORK_LOOP_MAX THREADS)
‘

-
Action Pnints] Prgcesses] Th[eaﬂs] P! [ o= [r-
1 fork_loop. cxo#l025 forker+0x532
3 fork_loop. cxo#l026 forker+0x53f
4 fork_loop. cxo#l041  fork_wrapper+0x1f
2 my_important_func (pending)
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Strategies for Memory Debugging in Parallel

e Run the application and see if memory events are detected
e View memory usage across the MPI job
e Compare memory footprint of the processes
* Are there any outliers? Are they expected?
[ ]

Gather heap information in all processes of the MPI job
* Select and examine individually

Look at the allocation pattern.
i
Does it make sense? =

* Look for leaks

MemoryScape 3K.0.0-5

Mem

. . . w 24, 2003 osge rt Report
e Compare with the 'diff' mechanism e e |

Save Data

Options
Save Report.. W Text W Heap [V Total vM y
Export Merory Data. (. Deta [ Stack M Stack VM = 5| [liear stacken) ¥
° A h . d 'ff ? Memory Usage Reports.
re there any major aifferences: Process Repor B
Library Report »
Are they expected? v apors o
y p H Heap Status Report 1o
Leak Detection Reports
Corrupted Mermory Report
pare Memory Usage
MB 8
4
2
o
o 2
Process (rank)
an,
|
Process Text Data [Heap | stack Stack VM =
or- +-Process 10: random 9 1989.25K8  109.16KB  1524.05K8 22.50KB 26.00KE
o orn; E +-Process indom.10 1983.25KB 109.16KB 221MB 33.49KB 36.00KB
> +-Process ndom11 136925k 109.16KB 356MB 47.74KB 5200k8
g T . ] LIJ

4]
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Demo

* MemoryScape Demo
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C++View

* C++View is a simple way for you to define type transformations
* Simplify complex data
e Aggregate and summarize
e Check validity

File Edt Group Process Thread Action Points Bookmarks Debug Window Help

: croup (conto) T TR ] 0 e » " 1 n

Processes & Threads % | Lookup File or Function % ‘ Documents * L Start Page * ‘ cppview_example_4.cc % ‘ Call Stack %
e Transform = -
® @ 0 ‘ =| = 156 aall][1] = 4; v
De: 4P |#T v | Memb aaal2]; c
. b scription tembers | gl @  man
- le_4 (53 1 1 1 163 asal1] = 2
Type-based oo 459 , S e
B Breakpoint 1 1 p1 npli . " .
166 vector<vector< > > triangle(15); r rr f _start
d C = bl main 1 1 pL1 167 (it j = 6; § < triangle.size(); j++)
ompose-abie
11 1 1 pll 169 triangle[j].resize(j);
° . II 170 k= k < j; k++)
171
Automatically

( =
triangle[j1[k] = j*k;

.
visible vectoronatess et 1/ o 1et for vector<emosess
e1.push_back(red);

176 el.push_back(blue);

178 container c;
179 c.s= "G i
180 c.ov = v

181 c.vs = s;

183 ti.break_point();
° Cod e 184 return o;

185 }

endif

N o |
attribute_ ((used))
o C++

Function main
Source 3.14/linux-x86-64/examplesicppview_example_4.cc
. Data View % | Command Line % ‘ Logger *
* Easy to write
]

FP 0x7Hcab152810
° R . d Name: Type Thread ID | Value
e S I e S [Add New Expression]
.
I n ta rget Block at Line 55
v Type Stop Location Line m

v class std:vecto...  (class std::vector<in
v 1 Grouj xample_4.cc#17: _.le_4.cc (line
* Only called by EXTE | cop | o toctt: .k don ool . S ——
fotalView m

x class std:vecto...  $emor

Local Variables %

Name Type Value
Action Points % ‘ Replay Bookmarks %

y class std:vecto...  (class std:vector<lo.
Process: cppview_example_4 (1)

Thread: 1.1 - Stopped Frame: main File: ...19.3.14/linu

sicppview_example_d.cc Line: 174
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C++ View AP

#include "tv_data display.h

int TV_ttf display type ( const T * );

int TV_ttf add row (
const char *field name,
const char *type name,
const char *address );
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C++ View Example

class A {
inti;
char *s;

|

class B {
Aa;
double d;

|

int TV_ttf display type ( const A*a)
{

(void) TV _ttf add _row ( "i", TV _ttf type int, &(a->i) );

(void) TV _ttf add row ( "s", TV _ttf type ascii_string, a->s);
}

int TV_ttf display_type ( const B *b )

{
(void) TV _ttf add row ( "a", "A", &(b->a) );
(void) TV _ttf _add _row ( "d", "double", &(b->d) );

156 | TotalView by Perforce © Perforce Software, Inc. totalview.io



Type Transformation Facility (TTF)

TTF is a TotalView subsystem that
- Allows you to transform the way information appears
- Doesn’t require changes to your code

- TTF transforms can be stored in a .tvd file for referencing during a
debugging session or at TotalView startup

TV TTF:RTF::build_struct_transform {
name {*class QStringS}

QT Qstring

class members {

transform { ascii { Swstring_u16 cast {* {d -> data} }}}
}

}
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Type Transformation Facility (TTF)

#include <stdio.h>
int main () {
struct stuff {
Int month;
int day;
int year,
char * pName;
char * pStreet;
char CityState[30];
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Type Transformation Facility (TTF)

TV TTF:RTF::build_struct_transform {

name {"struct stuff$}
members {

{ year {year}}
{ Name { * pName } }
{ Street { * pStreet } }
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Data View *

5]
Name Type  Threa Value
info str... 11 (struct stuff)
Year int 11 0x000007d4 (2004)
Name $st... 11  "John Smith"
Street $st... 1.1  "24 Prime Parkway, Su...
[Add New Exp...




Stack Transformation Facility (STF)

Hides stack frames

Transforms stack frames

* Backbone for:
* Python support
* OpenMP support

* Language differences

* Wrapper code

d1.=> dstacktransform list
Transformation Status: Enabled

Rules
ID Transform
1 RW_Python
2 RW_Python

Transtorms
Name
RW_Python

Operation
modify
remove

Implementation
<built-in>

Filter

image( 'python[2-9]\.[@-98]+-dbg" ), function( 'PyEval_EvalFrameEx')

image( 'python[2-9]\.[@-28]+-dbg")

Useful for any glue code you want to hide

totalview.io
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Stack Transformation Facility (STF)

161 |

Thread 1.1 has appeared
Created process 1 (11617), named "combined"
Thread 1.1 has appeared
Thread 1.1 has exited
Thread 1.1 hit breakpoint 8 at line 514 in "arrays(void)"
d1l.<> dstacktransform enable
enabled
dl.<> dwhere
> 0 arrays PC=0x00402c05, FP=0x7ffdffdSd440 [/home/dstewart/Projects/Totalview/DemoDvD/src/combined.cxx#514]
1 main PC=0x004017db, FP=0x7ffdffdSd4ae [/home/dstewart/Projects/Totalview/DemoDvD/src/combined.cxx#33]
2 __libc_start_main PC=0x7f42bl7e2bl3, FP=0x7ffdffdSdS6e [/lib64/libc.so0.6]
3 _start PC=0x004016d4, FP=0x7ffdffdsdse8 [/home/dstewart/Projects/Totalview/DemoDvD/programs/combined]
dl.=<> dstacktransform add -transform MY_TRANSFORMS -filter "function('A_start')" -operation remove
Rule 4 added.
4
dil.=> dwhere
> 0 arrays PC=0x00402c05, FP=0x7ffdffdSd440 [/home/dstewart/Projects/Totalview/DemoDvD/src/combined.cxx#514]
1 main PC=0x004017db, FP=0x7ffdffdSd4a0 [/home/dstewart/Projects/Totalview/DemoDvD/src/combined.cxx#33]
2 _ libc_start_main PC=0x7f42bl7e2bl3, FP=0x7ffdffdSdSee [/lib&4/libc.so0.6]
di.<> |
Call Stack * | Lookup File or Function * Call Stack * | Lookup File or Function *
arrays arrays
main main
__libc_start_main __libc_start_main
_start

TotalView by Perforce © Perforce Software, Inc.
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Demo

* TTF Demo (ttfdemo_customer example)

162 | TotalView by Perforce © Perforce Software, Inc. totalview.io






TotalView for the NVIDIA © GPU Accelerator

* NVIDIATesla, Fermi, Kepler, Pascal, Volta or Turing
* NVIDIA Ampere cards are in testing

 NVIDIACUDA9.2,10.0and 11.0
. With support for Unified Memory

« Debugging 64-bit CUDA programs

» Features and capabilities include

»  Support for dynamic parallelism
»  Support for MPI based clusters and multi-card configurations
»  Flexible Display and Navigation on the CUDA device
Physical (device, SM, Warp, Lane)
Logical (Grid, Block) tuples
*  CUDA device window reveals what is running where
»  Support for types and separate memory address spaces
*  Leverages CUDA memcheck
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TotalView CUDA Debugging Model

Linux CLIDA process (1)

LD thigad {1 -1)
Cevice addrass space GPU
GPU focus thiead |

CUD& theaad (1.-2)

Linux process address space

A ginghle
share

GQroup

Lo thraad [1.1] [

Limux thread (1.2) LT

Dawncs address spaca GPRU
| GPU facus thresd
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GPU Memory Hierarchy

 Hierarchical memory
» Local (thread)

* Local
* Register
« Shared (block)
* Global (GPU)
* Global
« Constant
« Texture

» System (host)

Grid

Block (0, 0) Block (1, 0)

Thread (0, 0) Thread (1, 0) | Thread (0, 0) Thread (1, 0)

Host

i

i
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@generic
@frame
@global
@local
@parameter
@iparam
@oparam
@shared
@surface
@texsampler
@texture
@rtvar
@register
@sregister

167 | TotalView by Perforce © Perforce Software, Inc.

Supported Type Storage Qualifiers

An offset within generic storage
An offset within frame storage

An offset within global storage

An offset within local storage

An offset within parameter storage
Input parameter

Output parameter

An offset within shared storage

An offset within surface storage
An offset within texture sampler storage
An offset within texture storage
Built-in runtime variables

A PTX register name

A PTX special register name

totalview.io



Control of Threads and Warps

Warps advance synchronously
* They share a PC

Single step operation advances all GPU threads in the same warp

Stepping over a __syncthreads() call will advance all relevant threads

To advance more than one warp
« Continue, possibly after setting a new breakpoint

+ Select a line and “Run To”

totalview.io
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Compiling for CUDA debugging

When compiling an NVIDIA CUDA program for debugging, it is necessary to pass the -g -G
options to the nvcc compiler driver. These options disable most compiler optimization and
include symbolic debugging information in the driver executable file, making it possible to
debug the application.

o)

% /usr/local/bin/nvcc -g -G -c tx cuda matmul.cu -o tx cuda matmul.o
% /usr/local/bin/nvcc -g -G -Xlinker=-R/usr/local/cuda/libo64d \
tx cuda matmul.o -o tx cuda matmul

% ./tx _cuda matmul
A:
[ O] O] 0.000000

...output deleted for brevity...
[ 11 1] 131.000000
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Compiling for debugging

Compiling for Fermi
-gencode arch=compute_20,code=sm_20

Compiling for Fermi and Tesla
-gencode arch=compute_20,code=sm_20 —gencode arch=compute_10,code=sm_10

Compiling for Kepler
-gencode arch=compute_35,code=sm_35

Compiling for Pascal
-gencode arch=compute_60,code=sm_60

Compiling for Volta
-gencode arch=compute_70,code=sm_70
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A TotalView Session with CUDA

A standard TotalView installation supports debugging CUDA applications running on both the
host and GPU processors.

TotalView dynamically detects a CUDA install on your system. To start the TotalView GUI or
CLI, provide the name of your CUDA host executable to the totalview or totalviewcli
command.

For example, to start the TotalView GUI on the sample program, use the following command:

% totalview tx_cuda_matmul
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172

Source View Opened on CUDA host code

St Page '1 _oudy maawdcy X |
144 ! ( I fOw = D) FOW < NEIPNT_, riwee)
145 (1 col = 4; col = width_; cales)
146 A.slemantsrew * width_ + col] » row * + col;
167 returm A
148 )
praint_MNatris (Matric A, *nase)

182
13 printey , Baee ),
154 ! ( P raw = 0] row « A height; rowes)
15% | ol = 9 ol < A v1dth] ¢oles)
156 printt ¢ - ! , Taw, Col, A elesentafrew * A . stride « ¢0O
137 )

salin|: arge, "targy)
182
165 : 3 ® = BLOCK_SIZE ™ (arpe » L 7 atoslargvli]l) 1);
168 ! tnow BLOCK _SIZE * (arpe » 2 7 -?ru'.lnrgJE ];. 1);
167 ! P = BLOCK_SITE * (Arpt » 3 7 atoljlargel>)) 1),
i1&8 Matrix A = conz Matricis, n);
186% Matris B » cong_matrixin, p);
170 Natrin C = Cona_matricie, p);
171 MatMullAa, B, €);
1r: print_matrixia, |,
173 print_matrix(e, T
174 prant matrix(c, );
1rs returm
176 )




CUDA thread IDs and Coordinate Spaces

o @ @ = =
D g ¢ ET & LW
* Il Saoppes L 1 pi i3
B __pad_nocancs | 1 pl3
B omoceqnd L 1 pls
F ouVONAL ol e | 1
v [ Sreakzoon [ 1 A ~d
C MaBuE o 1 |

Host thread IDs have a positive thread ID  (p1.1)
CUDA thread IDs have a negative thread ID (p1.-1)
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GPU Physical and Logical Toolbars

Logical toolbar displays the Block and Thread coordinates.

Physical toolbar displays the Device number, Streaming Multiprocessor, Warp and Lane.

To view a CUDA host thread, select a thread with a positive thread ID in the Process and
Threads view.

To view a CUDA GPU thread, select a thread with a negative thread ID, then use the GPU
thread selector on the logical toolbar to focus on a specific GPU thread.

totalview.io
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Displaying CUDA Program Elements

dlocsl ype
quaifier
indicageEs shac

variable & i in “—_‘_—_—_—’ i .
Igecpd srrmps. - L-1 iz Sl

L-1 DhcOODERIES {30
"S5 B 3
i Lod Coeeaed ¢ :

P MLE T & Miat Faointer valua
i B geneil ‘.____.J_-J_t-_-‘-‘. i L1 DO0000EE {25 o 100 EI00000
SDEF aRe ] s ¥ in mn cffest
- L1 RN 0 —hin e
{elsmares) g Fow L-1 o IESTAEE

(B3 Merwe E oo mmrmeny]

* The identifier @local is a TotalView built-in type storage qualifier that tells the debugger the storage kind of "A" is
local storage.

* The debugger uses the storage qualifier to determine how to locate A in device memory
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The CUDA Devices Window

Classic Ul Only
tx_cuda_matmul N ] WG
File Edit View Group Process Thread Action Point Debug Toolil Window Help J
T 4 G daluat.e... Ctrl+E
Group _{Control) —/I b ii D " 5 'O_, Q @ EﬁPression List ‘
. Go Halt Kill Restart |Next Step Out Eun
We can get an idea of - - - T .
hat bhvsical card Logical |Block: [0 5.|0 5.[0 3 Thread: [0 5.0 Frogram Brouser
Wha p ySI(:a Caras are = S Process 1 (17648): tx_cuda_natmul FEFEED L e Y
aCCESSible and What Thread -1 {<<<{0,0,0},(0,0,0}>>>): BTEMPRCUDAG,tx_cuc Call Graph
Stack Trace A Parallel Backtrace View
threads we can access B EHGIREna1R e | S Debugger Loaded Libraries. ..
with the CUDA devices Blog wgy Event Log
. Csub: Warnings
window blockRo ™ -
blockco Ihread Objects
Cvalue: Mecsace Queue
row: =
col: Message Queue Graph
7 || onninrac~ [CUDA Deviced i
Function MatMulKernel in tx_cuda_m [ ootc Checkpoint, .
a0 // Block row and column L
91  int hlockRow = hlockIdx.y; Hzotaint Brasitalis,
92 int blockCol = blockIdx. x; PYM Tasks
93 // Each thread block computes one sub-matrix Csub of C  —
Matrix Csub = GetSubMatrix(C, blockRow, blockCol); Global Arrays
a5 /f Each thread computes one element of Csub : :
96 /f by accumulating results into Cvalue Command Line Ctrl+Shift+C
a7 float Cwalue = 0;
93 /f Thread row and column within Csub
99 int row = threadIdx.y;
int col = threadIdx. x;
101 // Loop over all the sub-matrices of & and B that are
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The CUDA Devices Window

* The devices window shows us the type of device, the number of lanes available and the active SM’s, warps and lanes

Classic Ul Only
CUDA Devices - Ox
Name Description \
FHDevice 0/3 |
—Device Type GF110
—Lanes 32
F-SM 00/16
—Valid Marps Q00000000000003F
EHHarp 00/48 [ Block ¢0.0.0} Grid: 1, Parent: 0 (Host)
» fHLane 00/32 Thread {0.0.0)
LpC 0000000001d12048
fHLane 01/32 Thread ¢1.0.0)
[y 0000000001d1a048
FHLane 02/32 Thread (0,.1.0)
Lpc 0000000001d1a048
FHLane 03/32 Thread (1,.1.0}
Lpc 0000000001d1a048
Valid/Act ive/Divergent0000000f . 0000000f . 00000000
fHhklarp 01/48 Block (8.0,.0) Grid: 1, Parent: O {Host}
Lane 00/32 Thread {0.0.0)
Lpc 0000000001d1a048
Lane 01/32 Thread ¢1.0.0)
LpC 0000000001d1a048
Lane 02/32 Thread €0.1.0)
Lpr OOO0N00O00141a048
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CUDA Memory Checker Feature

Classic Ul Only

CUDA Debugging

Detect global memory adaressing vialalions and rmisalgned mermary accesses for CUDA based
DOGYES.
_| Enable CUDA memory checking

To enable CUDA memory checking in the new Ul :

* Pass the -cuda_memcheck option to the totalview command, for
example:
totalview -cuda_memcheck

* Setthe TV::cuda_memcheck CLI state variable to true. For example:
dset TV::cuda_memcheck true
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Demo

tx_cuda_matmul - Process 1, No current thread - Totalview for HPC 2019X (on microway2.totalviewtech.com) y)(a) (x
Fle Cot Group Process Thread ActionPoints Dockmarks Dedsug Window  lelp

b : : n

i GPU(Logica’) b 0 0 0 L] 0 ¢ i GPU (Physical)
|
Processes & Threads % | Lockup File er Functon * StatPage * | wx_cuda_mamulcu % Cal Stack =
-~ p — = 154 ( row = d; row < A height; rows+)
@ @ @ - -— 155 ( cel = 0; col « A.width; col++) Y
156 printf ([ 1C ] , row, col, A.elenents[row * A.stride + col]);
Description #P 27 ¥  Nembers 157}
tx_cuda_mamu (S3) 1 1 rl ipl i 1 i <
Nonexistent 1 1 pl
nain( arge, Axargv)
163 {
185 n BLOCK_SIZE * (argc > 1 7 atoi(argv[1]) :@ 1);
166 n BLOCK_SIZE * (argc > ? atoi(argv(?]) : ):
167 B LOCK_SIZE * (argc » 3 ? atoi(argv[2]) 1);
168 matrix A = _Natrix(m, n);
169 MaTrix B = ¢ Natrix(n, p); .
171 Matrul{A, 8, C);
172 prirt Hatrix(A, ).
173 prant_watrix(e, );
174 prirt_natrix(c, )
175 return a; f——
176 ) Loca Variabes ¥
.
Daravewns % | Commardlne * | Logger * | InputiOutput =
Action Poiris ¥ | Replay Bookmavks X E"]
oV Type Step Locanon
Name Type Thread D Value

[Add New Expresson)

Process"tx_cuda_mamul (1) Na current thread
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TotalView’s CLI

e TotalView’s CLI is a TCL based command line interface providing full access to the debugger

* Accessible through:
* Tools | Command Line menu in Classic Ul
* Command Line view in new Ul

* Directly by running totalviewcli

* Using the CLI in the TotalView Reference Guide provides comprehensive documentation on all the CLI commands and
options

* http://docs.roguewave.com/totalview/current/html/index.html#tpage/Reference Guide%2Ftotalviewref-partl.html
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Using the CLI to examine data

dgo

Resumes execution of target process
dhalt

Suspends execution of target process
dhelp

Lists the available commands

dlist

Displays code relevant to current location
dnext

Steps source lines, stepping over subroutines
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Using the CLI to examine data (2)

dprint

Prints the value of a variable or an expression

dstatus

Displays an aggregated view of the current processes and threads
dstep

Steps lines, stepping into subroutines

dwhat

Displays information about a symbol

dwhere

Displays locations in the call stack
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Demo

e CLI Demo (combined example)
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tvscript

* A straightforward language for unattended and/or batch debugging with TotalView and/or MemoryScape
* Usable whenever jobs need to be submitted or batched

¢ Can be used for automation

* A more powerful version of printf, no recompilation necessary between runs

* Schedule automated debug runs with cron jobs

* Expand its capabilities using TCL
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tvscript

tvscript [options] [ filename | [ -a program_args]

options

TotalView and tvscript command-line options.

filename

The program being debugged.

-a program_args

Program arguments.
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tvscript

* All of the following information is provided by default for each print

* Process id

Thread id

Rank

Timestamp

Event/Action description
* Asingle output file is written containing all of the information regardless of the number of

processes/threads being debugged

totalview.io
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Supported tvscript events

Event Type Event
General event any_event

Memory debug- addr_not_at_start
ging event
alloc_not_in_heap
alloc_null

alloc_returned_bad_alignment

any_memory_event

bad_alignment_argument
double_alloc

double_dealloc

free_not_allocated

guard_corruption

Definition
A generated event occurred.

Program attempted to free a block using an incorrect
address.

The memory allocator returned a block not in the
heap; the heap may be corrupt.

An allocation either failed or returned NULL; this usu-
ally means that the system is out of memory.

The memory allocator returned a misaligned block;
the heap may be corrupt.

A memory event occurred.

Program supplied an invalid alignment argument to
the heap manager.

The memory allocator returned a block currently
being used; the heap may be corrupt.

Program attempted to free an already freed block.

Program attempted to free an address that is not in
the heap.

Program overwrote the guard areas around a block.
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Supported tvscript events

Event Type Event

hoard_low_memory_threshold

realloc_not_allocated
rz_overrun

rz_underrun

rz_use_after free
rz_use_after _free overrun
rz_use_after free underrun
termination_notification

Source code actionpoint
debugging event

error

Reverse debugging stopped_at_end
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Definition
Hoard low memory threshold crossed.

Program attempted to reallocate an address that is
not in the heap.

Program attempted to access memory beyond the
end of an allocated block.

Program attempted to access memory before the
start of an allocated block.

Program attempted to access a block of memory after
it has been deallocated.

Program attempted to access memory beyond the
end of a deallocated block.

Program attempted to access memory before the
start of a deallocated block.

The target is terminating.

A thread hit an action point.

An error occurred.

The program is stopped at the end of execution and is
about to exit.
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Supported tvscript actions

TotalView by Perforce © Perforce Software, Inc.

Action Type Action
Memory debug- check_guard_blocks

ging actions
list_allocations
list_leaks
save_html_heap_status_source_view
save_memory_debugging_file

save_text_heap_status_source_view

Source code display_backtrace
debugging actions [-levellevel-num]

[ num_levels ]

[ options]

Definition
Checks all guard blocks and write violations
into the log file.

Writes a list of all memory allocations into the
log file.

Writes a list of all memory leaks into the log
file.

Generates and saves an HTML version of the
Heap Status Source View Report.

Generates and saves a memory debugging
file.

Generates and saves a text version of the
Heap Status Source View Report.

Writes the current stack backtrace into the log
file.

-level level-num sets the level at which infor-
mation starts being logged.

num_levels restricts output to this number of
levels in the call stack.

If you do not set a level, tvscript displays all
levels in the call stack.

options is one or more of the following:
-[no]show_arguments

-[no]show_fp
-[no]show_fp_registers
-[no]Jshow_image

-[nolshow_locals

-[no]show_pc

-[no]show_registers
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Supported tvscript actions

Action Type

Reverse debug-
ging actions

Action

print [ -slice {slice_exp}]
{variable | exp}

enable_reverse_debugging

save_replay_recording_file

Definition

Writes the value of a variable or an expression
into the log file. If the variable is an array, the -
slice option limits the amount of data defined
by slice_exp. A slice expression is a way to
define the slice, such as var[100:130]in C and
C++. (This displays all values from var[100]to
var[130].) To display every fourth value, add
an additional argument; for exam-
ple,var[100:130:4]. For additional
information, see “Examining Arrays”in the
TotalView for HPC User Guide.

Turns on ReplayEngine reverse debugging
and begins recording the execution of the
program.

Saves a ReplayEngine recording file. The file-
name is of the form <ProcessName>-
<PID> <DATE>.<INDEX>.recording.

totalview.io
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tvscript examples

Simple example

tvscript \

-create_actionpoint "method1=>display_backtrace -show_arguments" \

-create_actionpoint "method2#37=>display_backtrace \
-show_locals -level 1"\

-event_action "error=>display_backtrace -show_arguments \
-show_locals" \

-display_specifiers "noshow_pid,noshow_tid" \

-maxruntime "00:00:30" \

~/work/filterapp /filterapp -a 20

MPI example

tvscript -mpi "Open MPI" -tasks 4 \
-create_actionpoint \
"hello.c#14=>display_ backtrace" \
~/tests/MPI_hello

194 | TotalView by Perforce © Perforce Software, Inc. totalview.io



tvscript examples

Memory Debugging example
tvscript -maxruntime "00:00:30" \
-event_action "any_event=save_memory_debugging file" \
-guard_blocks -hoard freed _memory -detect_leaks \

~/work/filterapp -a 20

ReplayEngine example
tvscript \

-create_actionpoint "main=>enable_reverse_debugging" \
-event_action "stopped_at_end=>save_replay_recording_file" \

filterapp

totalview.io
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Demo

* TVScript demo (tvscript —script_file file tvscript_example.tvd ex2)
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Recent TotalView Release Features (2020)

* 2020.3 (Nov 2020) * 2020.1 (May 2020)
* TotalView Remote Ul * TotalView FlexNet Publisher License update
*  OpenMP Debug API v5.0 support * macOS Catalina support
* TotalView Student license changes * TotalView stepping and local variable view performance updates
e GCC10, Fedora 32, Ubuntu 20.04 * Array statistics view auto update
. 2020.2 (Sep 2020) * FlexNet Embedded failover server support
« CUDA 11 support * 2020 (Feb 2020)
* Remote Display Client updated * Display thread names and lightweight process IDs
* TotalView Solaris platform ported to 64 bits * Array statistics view
* “Dive-in-all” to view a structure member across an array * Rebranding to use “TotalView by Perforce” logo

* Easily focus on specific data in new data views
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Common TotalView Usage Hints

TotalView can’t find the program source
* Did you compile with -g ?

* How to adjust the TotalView search paths? Preferences -> Search Path

Python Debugging

* Making sure proper system debug packages are installed for Python

X11 forwarding performance

* |f users are forwarding X11 displays through ssh TotalView Ul performance can be bad

Understanding different ways to stop program execution with TotalView Action Points

e Using a watchpoint on a local variable

* Focus
* Diving on a variable that is no longer in scope. Check the Local Variables window for in scope variables

» Totalview doesn’t change focus to the thread hitting a breakpoint. Set Action Point Preferences to “Automatically focus on
threads/processes at breakpoint”
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Common TotalView Usage Hints (cont.)

* MPI Debugging
 Differences in launching MPI job from within the TotalView Ul vs the command line.
» TotalView runs an MPI program without stopping. Set the Parallel Preferences to “Ask What To Do” in After Attach Behavior

e Using wrong attributes in processes and threads view

* Reverse Debugging
* Running out of memory by not setting the maximum memory allocated to ReplayEngine
» Defer turning on reverse debugging until later in program execution to avoid slow initialization phases

* Adjust reverse debugging circular buffer size to reduce resources

* Memory Debugging
e Starting with All memory debugging options enabled rather than Low
* Not setting a size restriction for Red Zones

* |ssues with getting memory debugging turned on in an MPI job. May have to set LD_PRELOAD environment variable or worst

case, prelink HIA
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Common TotalView Usage Hints (cont.)

* Differences in functionality between new Ul and classic Ul
* How to switch between them. Preferences -> Display or totalview —newUlI and totalview -oldUI

* Where the gaps still are in functionality

e Reverse Connect with tvconnect

* When | use Reverse Connect | get the following obscure message: myProgram is an invalid or incompatible executable file
format for the target platform

* The message indicates an incompatible file format but most often this occurs if the program provided to tvconnect for
TotalView to debug cannot be found. The easiest way to resolve problem is to provide the full path to the target application,
e.g., tvconnect /home/usr/myProgram

* How do | get help?
* How to submit a support ticket? techsupport@roguewave.com

* Where is TV documentation (locally and on the internet). https://help.totalview.io/

* Are there videos | can watch to learn how to use TotalView? https://totalview.io/support/video-tutorials
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LBL/NERSC TotalView Usage Hints

* Remote Ul
* Configure cori.nersc.gov Remote Ul:
e Connection Name: cori.nersc.gov
*  Remote Host(s): username@cori.nersc.gov
* TotalView Remote Installation Directory: /usr/common/software/toolworks/totalview.default/bin
* For now, load TotalView modules needed in your .bash_profile.ext

*  module load totalview

* Use Reverse Connect (tvconnect) to easily connect back and launch applications/jobs
* tvconnect stays active until user detaches from the Ul or ctrl-c tvconnect once done

e Batch Submission with sbatch:

e 1/bin/bash
#SBATCH --qos=debug
#SBATCH --time=5
#SBATCH --nodes=1
H#SBATCH --tasks-per-node=4
#SBATCH --constraint=haswell
module load openmpi
tvconnect srun primeCount

* Pre-allocated node — make sure to use full paths

* tvconnect ‘which srun’ -n 4 ‘pwd’/primeCount
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Contact us

 Bill Burns (Senior Director of Product Development and Product Manager)

bburns@perforce.com

* Dean Stewart (Senior Sales Engineer)

dstewart@perforce.com
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